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ABSTRACT
In order to assess the evolutionary understanding of high school biology teachers, an 
instrument entitled the Classroom Test of Evolutionary Reasoning (CTER) was developed.  
Content, response process, relations to another variable (the Conceptual Inventory of Natural 
Selection, or CINS), and internal structure evidence were compiled.  The second version of the 
CTER was found to have adequate reliability and validity estimates to allow it to continue to be 
used as a measurement tool for an understanding of evolution.  When assessing a sample of 
teachers (n = 724), the mean score was 6.35 out of a possible 13 points.  The sample was found 
to possess an adequate understanding of Lamarkian evolution, but had difficulties with common 
ancestry, evolutionary trees, transitional fossils, and homologous structures. 
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Chapter One - Introduction and Literature Review
Understanding of Evolution
Evolution is the theme that weaves together the otherwise seemingly unrelated facts of 
biology.  An understanding of its principles is one of the criteria required to be a scientifically 
literate member of society: to make informed medical decisions, such as whether to take 
antibiotics as prescribed, to determine whether to undergo testing for a hereditary disease, or 
gage one’s chances of passing on an undesirable trait to offspring; to understand the implications 
of climate change and genetic engineering; to appreciate the agricultural sciences and the source 
of pesticide resistance; to grasp the causes of species extinction and the difficulties of restoration 
ecology; and to decide where to search for fossil fuels.
Yet, when asked, “Human beings, as we know them today, developed from earlier 
species of animals”, only 43% of randomly selected Americans answered “True” (National 
Science Board, 2006).  Furthermore, no more than 48% of the public could choose an accurate 
definition of evolution (People for the American Way Foundation, 2000).  
Various scientific societies, such as the American Association for the Advancement of 
Science, the National Academy of Sciences, and the American Institute for Biological Sciences, 
religious organizations, for example, the Roman Catholic Church, the United Methodist Church, 
and the Clergy Letter Project, as well as educational organizations, like the National Association 
of Biology Teachers, the National Science Teachers Association, and the National Education 
Association, all support the teaching of evolution (as cited in Sager, 2008).  Moreover, 39 states 
and the District of Columbia have satisfactory standards regarding evolution, and most have 
improved in coverage and quality (Mead & Mates, 2009).  Despite this support, however, many 
studies have found that 15-30% of public high school biology teachers include creationism in their 
classes and anywhere from 6-25% avoid evolution in the classroom (Aguillard, 1999; Berkman, 
Pacheco, Plutzer, 2008; Bowman, 2008; Moore, 2008; Moore & Cotner, 2009a; Osif, 1997; 
Rutledge & Mitchell, 2002; Tatina, 1989; Trani, 2004; Zimmerman, 1987).  Furthermore, most 
teachers who present creationism in public schools do so as though there is scientific merit to the 
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topic, indicating a misunderstanding of evolution and science (Aguillard, 1999; Moore, 2008; 
Moore & Kraemer, 2005; Tatina, 1989).  Teachers with misconceptions regarding evolution either 
don’t teach the subject or pass their misconceptions on to their students (Alters, 2005; Rutledge & 
Mitchell, 2002; Scott, 1999).  Although presenting creationism in the biology classroom does not 
affect student choice of major in college, students who were taught creationism by their high 
school biology instructors were more likely to favor creationist assertions over evolutionary 
explanations (Moore & Cotner, 2009a and 2009b).  Furthermore, students who were only 
exposed to evolution usually preferred evolutionary explanations over creationist ones.  
It has been well documented that the misunderstandings of evolution are numerous.  
Several misconceptions are due to semantics.  When scientists utilize the word “cause” while 
investigating ultimate causation, the general public assumes that supernatural causes are being 
invoked (Scott, 1999).  Scott describes further difficulties when the word: “design” is interpreted to 
invoke a designer rather than to mean how parts interact to achieve a goal; “purpose” is used to 
describe the function of a structure, whereas the public sees it as meaning orthogenesis with 
existential overtones; and “chance” and “random” are seen as being predictive, whereas non-
scientists comprehend them as “meaninglessness” or “purposelessness”.  In addition, the term 
“theory” is used in popular culture to mean “hunch” or “guess” rather than a powerful cognitive 
model that explains various observations and data (Alters, 2005; Alters & Nelson, 2002, van Dijk, 
2009).  Students of evolution also misconstrue “adapt/adaptation” to reflect individual adjustment 
to environmental changes, rather than traits that are a factor in an individual’s survival and 
reproduction (Alters & Nelson, 2002; Bishop & Anderson, 1990; Gregory, 2009).  The phrase that 
is perhaps most associated with evolution, “survival of the fittest”, is misleading, as well (Moore & 
Kraemer, 2005).  It is equated with the ideas that “only the strong survive” and physical fitness, 
instead of reproductive success and offspring survival.  Furthermore, it emphasizes survival over 
reproduction, concentrates upon the survival of an individual organism rather than the percentage 
of organisms within a population that possess a certain allele or trait, and implies circular 
reasoning (Alters & Nelson, 2002; Bishop & Anderson, 1990; Gregory, 2009).
Much of the data generated by molecular evolution is presented as phylogenetic trees.  
However, there are indications that college students have many difficulties interpreting diagrams 
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depicting evolutionary relationships.  For example, novices do not use the branch nodes to infer 
evolutionary closeness, but instead mistakenly focus upon the closeness of the branch tips 
(Baum, Smith, & Donovan, 2005; Meir, Perry, Herron, & Kingsolver, 2007) or the number of nodes 
between two species (Meir, et al., 2007) to read relatedness.  Students are also unable to 
correctly choose the axis on which time should be placed (Meir, et al., 2007) and believe that 
organisms must become progressively more complex as evolution occurs (Baum, et al., 2005).  
Lastly, there is a misconception that evolution only occurs at branch nodes, so straight branches 
imply no change in a species (Baum, et al., 2005; Meir, et al., 2007).  
The mechanism of natural selection is also misunderstood (Almquist & Cronin, 1988).  
For example, students believe that the environment induces changes in traits, as needed by the 
organism, through use and disuse, or in response to environmental requirements, rather than the 
traits appearing randomly and being selected by the environment (Alters, 2005; Alters & Nelson, 
2002; Bishop & Anderson, 1990; Gregory, 2009).  In addition, evolution does not rely upon the 
genetic variation of individuals, but instead exerts its effect upon entire species, whose traits 
gradually change, rather than changing proportions of individuals with a trait (Alters, 2005; Bishop 
& Anderson, 1990; Rutledge & Warden, 2000).  In fact, mutations are seen as always being 
deleterious (Alters & Nelson, 2002).  People often invoke purpose, design, or a guiding force in 
the processes of natural selection and adaptation (Alters & Nelson, 2002), such as using 
teleological thinking to explain homologous structures (Kampourakis & Zogza, 2008).  Moreover, 
evolution is a goal-oriented, progressive process towards complexity with humans at the pinnacle 
of the evolutionary tree (Almquist & Cronin, 1988; Alters, 2005; Moore & Kraemer, 2005; Tatina, 
1989; Zimmerman, 1987).  Therefore, it is difficult for students to understand the role of chance in 
the process of evolution (Alquist & Cronin, 1988; Garvin-Doxas & Klymkowski, 2008).  Evolution 
is seen as no longer occurring (Alters, 2005) or being an isolated event rather than an ongoing 
process (Gregory, 2009), too.  There are indications that the public does not know what 
transitional fossils are (Alters, 2005) or how speciation occurs (Almquist & Cronin, 1988; van Dijk, 
2009).
The situation is exacerbated by creationist organizations that reinforce misconceptions, 
such as those that arise from semantics (Guliuzza, 2010), misinterpretations of the fossil record 
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(Galling, Ross, & Wise, 2010; Morris, 2010; Ross, 2009), and casting doubt about Darwin 
(Sanders, 2009) and the nature of science (Lisle, 2009; Rusch, 2009).  The portrayals of 
dinosaurs’ coexistence with human beings in the media and creationist museums is likely at the 
root of the erroneous belief that the two species co-occurred historically (Almquist & Cronin, 
1988; Alters, 2005; Alters & Nelson, 2002).  Many people possess struggles with deep time, 
including the age of the Earth and the dating of rocks and fossils (Alters, 2005; Almquist & Cronin, 
1988; Rutledge & Warden, 2000), which is to be expected since teachers often de-emphasize 
deep time in the classroom (van Dijk, 2009).  Van Dijk also found that teachers use traits instead 
of common ancestry when grouping organisms, which could contribute to a lack of 
comprehension of common descent (Alters & Nelson, 2002).  The one area of common descent 
that students do hold to is the misunderstanding that human beings evolved from chimpanzees 
(Almquist & Cronin, 1988).
The woeful state of evolution comprehension is not surprising considering that formal 
education ends in high school for most of the American population.  The Current Population 
Survey estimates that 28.0% had attained a Bachelor’s or higher degree (National Center for 
Education Statistics, 2008).  Although some high school graduates may have attended college 
without matriculating, there are no indications of how many of these students completed a college 
science course, particularly in the field of biology.  Therefore, high school teachers provide the 
last formal instruction most students will receive in evolution.
The research regarding teacher knowledge in specific biology concepts has been sparse 
(Abell, 2007).  Those studies investigating instructor understanding of evolution were restricted to 
individual states, such as Indiana (Rutledge & Mitchell, 2002; Rutledge & Warden, 2000), New 
York (Nehm, Kim, & Sheppard, 2009; Nehm & Schonfeld, 2007), Ohio (Zimmerman, 1987), South 
Dakota (Tatina, 1989), and Texas (Ganga, 1989).  Others relied upon small sample sizes, below 
50 participants (Ganga, 1989; Nadelson, 2009; Nehm, 2007; van Dijk, 2009).  Such factors may 
lie behind conflicting reports of correlations, or lack thereof, between understanding/acceptance 
of evolution and demographic factors.
The large majority of American teachers feel unprepared to teach evolution (Aguillard, 
1999; Moore & Kraemer, 2005; Nadelson & Nadelson, 2009).  This may explain why there was 
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often little or no relation between reported student difficulties and instruction delivered by the 
teachers in one study (van Dijk, 2009).  Although over 75% of Ohio teachers accepted 
evolutionary theory and felt that it possessed a solid scientific basis, less than 12% of teachers 
chose the correct definition of evolution (Zimmerman, 1987).  About 20% of them felt that 
evolution cannot be tested.  The results were similar in South Dakota, where 75% of those 
surveyed accepted the scientific validity of evolution, but only 7% could correctly define it (Tatina, 
1989).  In Indiana, over 90% of teachers understood the definition of mutations, the traits of early 
land animals, and that meiosis is the source of genetic variation within a species, but 30% did not 
feel evolution could be tested (Rutledge & Warden, 2000).  Rutledge and Warden concluded that 
teachers possessed only a fair understanding of the theory due to teacher difficulties with the 
definition of evolution, and explaining environmental change through time and reproductive 
fitness.  Further research illustrated that those with a history of experiencing more evolution 
coursework and greater acceptance of evolutionary theory could produce concept maps with a 
greater number of concepts and relationships between them (Rutledge & Mitchell, 2002).
As seen in the general public, teachers were unsure about the existence of transitional 
fossils, how chance acts in the process of evolution, the coexistence of human beings and 
dinosaurs, the process of natural selection, the evolution of humans from chimpanzees, the 
deleterious nature of mutations (Nehm & Schonfeld, 2007).  Over 25% of teachers believed that 
adaptation included mechanisms of use and disuse and was based on need and approximately 
20% felt that evolution would heighten other senses to compensate for a lost sense (Nehm & 
Schonfeld, 2007).  Teachers’ understanding of evolution was low while the number of 
misconceptions they possessed was quite high.  (Although it should be noted that Nehm, Kim, 
and Sheppard utilized a Likert scale to assess some content knowledge).  The majority of 
secondary teachers in Greece also could not satisfactorily answer questions regarding natural 
selection (Prinou, Halkia, & Skordoulis, 2005).  Complicating their misconceptions regarding 
evolution, teachers misunderstand the nature of science, too (Ganga, 1989; Moore & Kraemer, 
2005; Nehm & Schonfeld, 2007; Nehm, Kim, & Sheppard, 2009).  Therefore, the purpose of this 
research was to assess the evolutionary understanding of high school biology teachers across a 
wide range of concepts.
5
Instruments to Assess Evolutionary Understanding
There are several instruments covering isolated topics within evolution, largely natural 
selection, but few instruments that cover the gamut of evolution.  Zimmerman (1987) and Tatina 
(1989) tested content knowledge with a single item asking whether evolution meant “survival of 
the fittest”, reproductive success, man’s evolution from apes, goal-seeking, or elimination of the 
weak by the strong.  Although each received several hundred responses, it is unlikely that an 
understanding of a theory as cognitively complex as evolution could be assessed with a single 
question.  Furthermore, Ganga (1989) used Likert scale items (strongly agree to strongly 
disagree) to measure instructors’ agreement with common descent, progressive or goal-oriented 
evolution, etc., so these results can be considered more a measure of evolutionary acceptance 
rather than understanding.  Bishop  & Anderson (1990) and Anderson, Fisher, & Norman (2002), 
created assessments for documenting conceptions of natural selection.  These instruments are 
either interview or essay-intensive (Bishop & Anderson, 1990) and not practical for a large sample 
size, or lack items of sufficient difficulty to distinguish amongst respondents’ with high abilities 
(Anderson, Fisher, & Norman, 2002).  In any case, each measure was limited to the theme of 
natural selection.  Nehm & Reilly (2007), Nehm & Schonfeld (2007), and Nehm, Kim, & Sheppard 
(2009) modified Bishop and Anderson’s scale to include additional aspects of evolution, but also 
required extensive interviews or essays and multiple raters.
One instrument utilized to investigate high school biology teachers’ conceptions of 
evolution (Rutledge and Warden, 2000) relied upon a scale developed by Johnson (1985).  
Although this objective assessment was originally designed for use with undergraduates, 
Rutledge and Warden included it in their Measure of Acceptance of the Theory of Evolution 
(MATE) scale.  Johnson’s assessment covers a wide-range of evolutionary topics, including 
natural selection, homologous structures, intermediate forms, and reproductive success (1985).  
Each of the 25 items contained 5 options from which to choose.  However, there has been much 
research regarding evolutionary misconceptions since 1985.  Furthermore, there is no indication 
that Rutledge and Warden checked the goodness of fit to the congeneric model before 
conducting factoral validity estimates, although these analyses are based upon the assumptions 
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of this model (Graham, 2006).  Nor did they specify whether they used Principal Component 
Analysis (PCA) or Principle Axis Factoring (PAF), the more accurate technique, (Russell, 2002) in 
the process.  The analysis of the data was limited to Classical Test Theory (CTT) models, which 
have been utilized for several decades, but leave the scores on an ordinal, rather than interval, 
scale (Bond & Fox, 2007).  Moreover, CTT does not allow investigators to estimate the extent of 
student guessing, so individual ability scores can be less accurate.  Thus, the specific aim of this 
study was to assess over 500 high school biology teachers’ understanding of evolution and to 
document the misconceptions that they hold regarding the topic using the Classroom Test of 
Evolutionary Reasoning (CTER), designed by Dr. James E. Platt and Patricia E. Palko.  This 
study also seeks to determine if these understandings are correlated with demographic factors, 
such as academic preparation, professional development, and school size and location.
Unlike the MATE, the CTER utilized two-tiered questions, in the style of Lawson’s 
Classroom Test of Scientific Reasoning (CTSR) (Lawson, 1978, 1995).  Two-tiered instruments 
are gaining popularity for assessment in education (Chou, Chan, & Wu, 2007; Sun, 2009; Sunal & 
Sunal, 2003), particularly within measurement of scientific understanding (Balci, Cakiroglu, & 
Tekkaya, 2006; Chandrasegaran & Treagust, 2009;  Chu, Treagust, & Chandrasegaran, 2009; 
Duffy & Zeidler, 1996; Greenwood & Scribner-MacLean, 1997; Lawson, 1978, 1995; Odom & 
Barrow, 1993; Othman, Treagust, & Chandrasegaran, 2008; Ozmen, 2008; Peterson, Treagust, & 
Garnett, 1989; Sahin, Ipek, & Ayas, 2008; Tan & Taber, 2009; Tan, Taber, Liu, Coll, Lorenzo, Li, 
Goh, & Chia, 2008; Tan, Treagust, Goh, & Chia, 2002; Yenilmez, Sungur, & Tekkaya, 2006).  In 
each two-tiered question, the first item asks participants to answer a query while the second item 
probes their reasoning in regards to their answer for the first item.  In order to receive credit for 
answering either question within a pair correctly, students had to select both correct answers for 
each question in the pair.  In this manner, it is possible to delve more deeply into a person’s 
thinking than with a traditional multiple-choice test as the second tier’s distractors are usually 
based upon common misconceptions.  Two-tiered questions also help reduce the statistical 
likelihood of guessing the correct answer.  They have been attempted before to assess 
evolutionary understanding (Settlage & Jensen, 1996), but the there were only two option choices 
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for many of the items, rather than the minimum of three recommended by Rodriguez (2005).  
Furthermore, the psychometric properties of the instrument are unknown.  
Griffard and Wandersee (2001) have criticized two-tier instruments for measuring test-
taking strategies rather than content understanding.  The study consisted of six participants who 
underwent cognitive interviews while completing a portion of Treagust and Haslam’s (1986) test 
about photosynthesis and respiration.  However, students only completed four of the original 13 
items, and no other instruments were evaluated.  There also appear to be item construction 
issues that complicate Griffard and Wandersee’s analysis as it is difficult to determine if student 
responses were due to test-taking strategies or poor item writing.  They concede that two-tiered 
assessments are an improvement over traditional multiple-choice tests.  Consequently, there has 
only been one such critique versus a number of two-tier instruments with acceptable validity and 
reliability estimates.  Since this study seeks to measure a large number of teachers’ 
understandings of evolution in an easy to administer and score format, the CTER remained 
largely a two-tier instrument.
Although results from the CTER were limited, samples of undergraduate students 
showed a clear score difference between biology majors and nonmajors of 6.8 and 4.5 out of 12 
points, respectively.  Furthermore, Principle Components Analysis with a sample of nonmajor 
students revealed a correlation between CTER score and belief in the scientific validity of 
evolution.  
Thus, the CTER was redesigned to cover as many possible of the aforementioned 
misconceptions, including natural selection, acquired characteristics, vestigial structures, 
homology, convergent evolution, reading phylogenetic trees, speciation, common ancestry, 
transitional fossils, and the nature of evolution.  This study was the first to assess the ability of 
teachers to understand evolutionary trees and sought to determine if this is a component of 
evolution understanding or merely a learned skill.
Assessing the Validity of an Instrument for a Population
It is not adequate to simply assemble a set of items believed to be related to evolution 
and assume that it is accurately measuring understandings of evolution, though.  A researcher 
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must possess validity and reliability evidence supporting the instrument’s psychometric quality.  
Validity is defined by the American Educational Research Association, American Psychological 
Association, & National Council on Measurement in Education as “the degree to which evidence 
and theory support the interpretations of test scores entailed by proposed uses of tests” (p. 9) 
(1999).  In this view, validity is not a property of the test, but is instead a property of the proposed 
interpretations and uses of test scores (Furr & Bacharach, 2008).  The current view of validity can 
be described as a unitary concept, in which five different types of validity (test content, response 
processes, internal structure, relations to other variables, and consequences of testing) have 
been brought together as different types of evidence that support the single construct of validity 
(Goodwin & Leech, 2003).  Included in the construct model are interpretive arguments, inferences 
and assumptions that support the interpretations of the test scores, and validity arguments, 
evaluations of the interpretive arguments (Kane, 2006).  This model replaced tripartite validity, 
which encompassed three distinct kinds of validity: content, criterion-related, and construct 
(Goodwin & Leech).
Is the construct or unitary model of validity appropriate for educational measures?  
Creating interpretive and validity arguments may assist in the writing of educational assessments.  
The 1992 publication of the Force Concepts Inventory (FCI) indicated that many A-level students 
still retained several major misconceptions about the concepts underlying Newtonian mechanics 
(Hestenes, et al., 1992).  However, the authors of the FCI did not analyze the data by gender and 
a study by Laura McCullough (2001) found that the gender gap between respondents’ scores 
could be partially alleviated by changing the gender bias of the items (i.e., from shooting cannon 
balls off of a cliff to a baby throwing a rattle from a highchair).  It is possible that the unitary model 
of validity would have allowed the authors to better examine their assumptions and correct for this 
bias.  Furthermore, although there were no reviews available of science content measures, per 
se, science attitude instruments are usually lacking psychometric evidence (Blalock, 2008).  
However, it is unreasonable to expect that the validation process could be, as characterized by 
Cronbach, “a lengthy, even endless process” (as quoted by Kane, 2006).  Therefore, Lissitz and 
Samuelsen’s (2007) argument in support of abandoning the unitary construct of validity in favor of 
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utilizing content validity for academic tests is tempting, especially since there is no nomological 
network theorized to join an understanding of evolution with other constructs.
Several experts have conceded that the unitary model still possesses flaws.  The 2002-3 
president of the National Council on Measurement in Education, Linda Crocker (2003), argues 
that content validation is the only part of validation that can occur before the assessment is 
administered and encourages psychometricians to pursue this overlooked portion of validity, and 
Kane (2008) writes that the unitary construct may be more useful to theoreticians than to 
practitioners.  Sireci (2007) notes that the concept of construct validity has been bewildering for 
those engaging in measurement, although Gorin (2007) feels that the subject of validation is 
overwhelming for non-theorists despite the cognitive framework utilized.  Yet despite the 
difficulties that construct validity introduces, it is still the system that encompasses the nature of 
science: the falsifiability of hypotheses through the accumulation of evidence, which interpretive 
and validity arguments emphasize.  Furthermore as noted by Goodwin and Leech, the unitary 
model of validity resolves some of the issues that plagued the tripartite model, such as the 
misconception that possessing more types of validity evidence to support an assessment is 
automatically preferred over having less, but more thorough evidence.
The unitary model could therefore be utilized in assessing the validity evidence for the 
CTER.  As Kane asserted, a theoretical construct is not necessary to apply construct validation 
(2008).  Rather the unitary concept of validity acts as an umbrella, under which the different types 
of evidence reside, ready to be applied, as needed and called for, in diverse situations.  
Additionally, the idea of nomological networks is no longer utilized and instead the term 
“construct” can refer to the cognitive process and the sub-processes that work together to result 
in cognition (Gorin).  The CTER may be doing just that by measuring variable levels of thinking 
skills exhibited by the respondents, as it was inspired by an assessment designed to measure 
concrete to abstract thinking abilities: the CTSR.  The CTER incorporates items with varying 
degrees of difficulty in order to distinguish between varying degrees of evolutionary 
understanding, which could be confounded with thinking skills.  However, such is the goal of the 
educational system to foster higher order thinking skills in students within any content.  Therefore, 
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any analysis of the psychometric quality of the CTER must include some assessment of its 
dimensionality or relationship with other constructs.
Contrary to Lissitz and Samuelsen’s (2007) assertion, it is not clear that validity is a 
property of the test in that academic assessments are based upon various, consistently updated 
local, state, or national standards and research upon which the item content and construction is 
based.  For example, revision of the CTER items was based upon the item development theories 
contained in Downing and Haladyna’s Handbook of Test Development (2006), and the 
recommendations contained therein may affect what the test is measuring.  Furthermore, Sireci is 
correct when he cannot envision experts evaluating items as validation evidence for a test without 
informing them of the instrument’s purpose.  Therefore, as Moss (2007) concludes, it is the 
interpretation and uses of a test that are subject to validation, not the test itself.  The 
interpretation of CTER scores is that respondents who exhibit high scores on the CTER possess 
a high understanding of evolution (as well as the converse).  The uses of the CTER are to assess 
evolutionary understanding with the intents of determining misconceptions regarding the topic 
that respondents may hold and the types of reasoning patterns that may contribute to those 
misconceptions.  The instrument is not to be used for a grade, but as feedback for an instructor to 
prompt modifications to an educational strategy.  An example of an invalid use would be that a 
high CTER score exhibits exemplary science teaching based upon the assumption that a high 
level of evolutionary understanding is required to be a good biology teacher.  
As written, the standards are flexible enough to allow researchers to decide upon which 
types of evidence will support a particular validity argument (Moss).  Yet, it is Embretson’s broad 
version of validity that is the most appealing for the evaluation of educational assessments 
(2007).  She has included several categories of evidence relevant to these practitioners, such as 
practical constraints, item design principles, and scoring models that consider guessing.  
Embretson has also addressed the overall theory in the mutual feedback between internal and 
external evidence.  Given all of the above considerations, the following validity evidence was 
accumulated:
As recommended by Kane (2006), a validity argument was developed.  This included 
listing alternative explanations for scores (i.e., test taking disabilities, etc.), assumptions (i.e., 
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teaching certification programs and licensure will have eliminated non-english speaking or 
illiterate respondents, the use of skip logic will reduce test frustration, the sample represents the 
population and the sample scores represent the population scores, a reward will help alleviate the 
effects of self-selection etc.), and potential sources of error (i.e., the lack of control over the 
testing environment since the survey is given online).  Additionally, the interpretation of the 
assessment’s title was evaluated to ensure that it corresponds with the content and interpretation 
of the instrument (Kane).
Content validity evidence (“Test Specifications” in Embretson’s model) was collected by 
asking experts to judge the relevance of the assessment’s content to the underlying construct (an 
understanding of evolution) and design of the items (i.e., there is only one correct answer to each 
item).  Furthermore, an examination of the nationwide standards for the teaching of evolution 
(National Research Council, 1996) and research regarding common evolutionary misconceptions 
were utilized to ensure that the content was relevant to the domain.  However, as individual 
judgments are subjective, other forms of evidence were gathered.  
Embretson’s Scoring Models evidence was incorporated by evaluating the effects of 
guessing on the scores.  Practical Constraints were addressed by randomly selecting a small 
percentage of assessments and scoring them by hand to compare with scores generated by the 
statistical package syntax created for grading.  The Psychometric Properties of the assessment 
were estimated with tools such as interitem correlations.  Response process evidence (“Domain 
Structure” in Embretson’s model) was also collected.  A small sample of respondents were 
interviewed as they completed the assessment in an attempt to understand how they were 
thinking as they completed each item.
Associations with other variables (Embretson’s “Other Measures” category) were 
established to a limited extent, as there are few instruments that have been developed to assess 
evolution understanding that have acceptable validity and reliability evidence and are easy to 
administer to a large number of participants.  One such instrument is the Conceptual Inventory of 
Natural Selection (CINS) (Anderson, Fisher, & Norman, 2002).  It was hypothesized that there 
would be a positive correlation between the CTER and the CINS since the CINS measures an 
understanding of natural selection and the CTER includes items concerning natural selection, 
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along with several other evolutionary principles.  Since the CTER contains additional evolutionary 
concepts besides natural selection, it is predicted that this correlation will not be perfect.
Validity evidence concerning the internal structure of the test is typically ascertained 
using factoral validity (Furr & Bacharach, 2008), which can be a useful tool, if correctly employed 
with other types of validity evidence.  Confirmatory and exploratory factor analyses are based 
upon the assumptions of the congeneric model (Graham, 2006), so the data must be evaluated to 
determine goodness of fit.  Frazier and Youngstrom (2007) also found that cognitive ability 
instruments are becoming increasingly overfactored in an attempt to explain as much of the 
variance in test scores as possible.  However, researcher judgment must be applied liberally 
when performing factor analysis to ensure that an accurate number of factors are being extracted 
from the data.  Furthermore, many researchers rely solely upon factoral validity to determine the 
dimensionality of an instrument as the process provides numerical data.  Yet, as previously 
discussed, validity estimates should be comprised of multiple forms of evidence.  It is worth 
noting that the sample size planned for the CTER study (approximately 500 respondents) will 
reduce many errors associated with factoral validity (Russell, 2002).  
Kane suggests that factor analysis assumes the involvement of more than one factor to 
explain respondents’ test scores.  Responses to the CTER may be due to more than one factor 
(i.e., content knowledge, reasoning skills, a combination of the two), so PCA will be utilized to 
establish this form of validity evidence.  Furr and Bacharach state that eigenvalues, a scree plot, 
and factor loadings may be helpful in determining the dimensionality of an assessment.  However, 
D. W. Russell (2002) contends that the eigenvalue ≥ 1 rule should not be used as it leads to the 
inclusion of too many factors in the final model.    As recommended by both Russell and Henson 
and Roberts (2006), parallel analysis will be utilized to determine the number of factors involved 
as this is the most objective and accurate method.  Whereas principle component analysis (PCA) 
seeks to reduce the number of variables involved into fewer, more readily interpretable 
components, principle axis factoring (PAF) concentrates upon the latent factor itself (Henson & 
Roberts,).  Although, PAF is more accurate than PCA in the number of factors extracted (Russell), 
PCA is incorporated into the software package being used for the data analysis, so it will be used 
with the CTER data.  Once the factors are extracted, they can be interpreted.
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The newest type of validity evidence concerns the consequences of testing (Embretson’s 
“Impact”).  Although the topic of evolution is controversial in the public schools, there are no plans 
to evaluate this type of evidence as responses to the CTER are anonymous and the CTER will 
not be released to the general public so invalid uses (i.e., decisions regarding employment) are 
not anticipated.
Assessing the Reliability of an Instrument for a Population
There are several issues to consider when planning the reliability portion of an 
investigation into the quality of a psychometric measure.  Reliability is considered to be the 
degree of difference between a respondent’s true score on a measure and his observed score, 
where a high degree of consistency between the two reflects a high degree of reliability (Furr & 
Bacharach, 2008).  According to Furr & Bacharach, it can be envisioned as the ratio of true score 
variance to observed score variance, as a lack of error variance, as the correlation between 
observed scores and true scores, and finally, as a lack of correlation between observed scores 
and error scores.  Without examining the reliability of the CTER scores, it will not be known how 
much error affects the respondents’ assessment and item scores.
Several methods of assessing reliability have been developed, each with its strengths 
and weaknesses.  Generalizability theory allows one to estimate the reliability when there are 
multiple facets of measurement included in the study (i.e., different raters, different observational 
contexts, etc.) (Furr & Bacharach), which is not the case for the CTER.  Alternate forms reliability 
administers two parallel forms to the respondents and estimates the correlation between the 
forms.  However, the assumptions for parallel forms are very strict and not useful in this case as 
two test forms aren’t being constructed (Osburn, 2000).  One can avoid the assumptions of 
parallel forms by administering the same form twice to estimate test-retest reliability.  Yet, the trait 
measured must be stable (Furr & Bacharach), and memory of the items and practice effects may 
confound the assessment scores (Osburn).  Test-retest reliability was also not considered 
because taking a survey twice can result in an unacceptable reduction in completion rates and 
increase in self-selection bias.
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Internal consistency reliability can also be estimated.  One form of internal consistency 
reliability is split-half reliability, which divides the items to create two parallel forms, complete with 
the same severe assumptions as alternate forms reliability.  The assumptions of coefficient alpha 
are much more lenient, as they are based on the essentially tau equivalent model, although the 
assessment must be unidimensional (Graham, 2006).  The Kuder-Richardson 20 (KR-20) 
formula, a specialized instance of coefficient alpha for dichotomous items, uses the variance of 
each item, the total test scores, and variance of test scores to create a reliability estimate (Furr & 
Bacharach).  If the assessment cannot meet the essentially tau equivalent model assumptions, 
the reliability of a congeneric test can be estimated using the structural equation model developed 
by Raykov (1997).
A structural equation modeling software package was used to examine goodness of fit to 
the congeneric and essentially tau equivalent models to determine which fit the CTER data.  The 
essentially tau equivalent model is a special case of the congeneric model (DeVellis, 2003).  
Therefore, the models can be considered nested and the difference of fit between the two can be 
estimated using maximum likelihood procedures (Graham).  Once the goodness of fit to the two 
different models was determined, reliability of the sample scores was estimated.  This information 
will be considered in the future if the CTER is revised.
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Chapter Two: Methods
All test construction and evaluation was performed according to the American 
Educational Research Association, American Psychological Association, and the National Council 
on Measurement in Education’s Standards for Educational and Psychological Testing (1999).  
Using data collected from undergraduate biology major and non-major students, the Classroom 
Test of Evolutionary Reasoning (CTER) (Appendix 1) was statistically analyzed to generate 
reliability and validity estimates.  As recommended by Kane (2006), a validity argument was 
developed.  This included listing alternative explanations for scores (i.e., test taking disabilities, 
etc.), assumptions (i.e., teaching certification programs and licensure eliminated non-English 
speaking or illiterate respondents, the use of skip logic reduced test frustration, the sample 
represented the population and the sample scores represented the population scores, a reward 
helped alleviate the effects of self-selection etc.), and potential sources of error (i.e., the lack of 
control over the testing environment since the survey is given online).  Additionally, the 
interpretation of the assessment’s title was evaluated to ensure that it corresponded with the 
content and interpretation of the instrument (Kane, 2006).
Content validity evidence was collected by asking experts (doctorate holding individuals 
who either teach or perform research in evolution or evolution education) to judge the relevance 
of the assessment’s content to the underlying construct (an understanding of evolution) and 
design of the items (i.e., there is only one correct answer to each item).  Furthermore, an 
examination of the nationwide standards for the teaching of evolution (National Research Council, 
1996) and research regarding common evolutionary misconceptions was utilized to ensure that 
the content was relevant to the domain.  Expert comments, along with validity evidence 
concerning the internal structure of the test and reliability estimates for a population of 
undergraduate biology non-majors and majors, were utilized to revise the original CTER (thereby 
creating the CTER v2).  Although not the population being sampled in this study, undergraduate 
students provided preliminary evidence concerning the psychometric quality of the CTER.  
Furthermore, such students were quite close in education level to the teachers.  
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Items requesting demographics information were added to the instrument and the revised 
survey (Appendix 3) was administered anonymously online through SurveyMonkey.com.  Data 
were collected from a convenience sample, in which teachers were recruited through professional 
organization advertisements and personal emails.  Email addresses were located through school 
websites.  Differences in affective characteristics can impact whether a person decides to assist 
with research, known as self-selection bias (Keating, 1989).  However, blanketing a population 
with advertisements for participants (Keating, 1989) and offering small rewards can reduce any 
significant differences in respondent characteristics and result in higher response rates (Kanuk & 
Berenson, 1975; Sharp, Pelletier, & Levesque, 2006).  In order to reduce the effects of self-
selection, teachers were offered a $5.00 gift card to the retailer of their choice.  However, teacher 
names were in no way linked to their survey responses.  Respondents could also choose not to 
receive a gift card.  Dr. James E. Platt at the University of Denver Department of Biological 
Sciences provided funding for 500 participant gift cards.  This sample size met the requirement of 
an n equal to or greater than 100 for using the Rasch model (Green & Frantom, 2002).  Answers 
to each item were required, thus eliminating the risk of item nonresponse and the gift card 
encouraged survey completion.  Skip logic was used to direct teachers to the appropriate items, 
thus reducing the complications of test fatigue.
States in which previous measures of belief in and attitude towards evolution were 
conducted, like Colorado and Texas, and states in which there were current or recent campaigns 
to reduce the presence of evolution in public schools were targeted for the recruitment campaign.  
Some schools did not identify instructors by discipline, so invitations to participate were sent to all 
science teachers or to the school’s administration.  Therefore, an accurate response rate could 
not be calculated.  Historically, a low response rate has been interpreted as indicative of poor 
survey quality (Rea & Parker, 2005).  However, recent studies have indicated that surveys with 
low response rates can be just as accurate as those with high response rates (American 
Association for Public Opinion Research, n. d.; Curtin, Presser, & Singer, 2000; Holbrook, 
Krosnick, & Pfent, 2008; Keeter, Kennedy, Dimock, Best, & Craighill, 2006; Keeter, Miller, Kohut, 
Groves, & Presser, 2000; Visser, Krosnick, Marquette, & Curtin, 1996).  Therefore, these 
research conclusions will likely be generalizable to the population of high school biology teachers 
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accessible through the internet and email, which is assumed to be almost all teachers nationwide. 
Scores for the CTER v2 were generated using SPSS 18.0.  To ensure accuracy, 36 (~5%) of the 
assessments were hand-scored.
Rather than using Classical Test Theory to analyze the data, the Rasch model was 
utilized.  The Rasch model has the benefit of creating interval rather than ordinal measurements 
through a logarithmic transformation that specifies the log-odds of a person succeeding on an 
item
ln Pni1− Pni
⎛
⎝⎜
⎞
⎠⎟
= Bn − Di                                                                                              (1)
where P = the probability that person n with ability Bn will succeed on item i with difficulty Di 
(Linacre, 2006)  Therefore, it was possible to quantify how much more evolutionary 
understanding subjects possessed versus other participants rather than being restricted to 
concluding that certain participants had more understanding than others (Bond & Fox, 2007).  
The Rasch model results in a ranking of items and persons such that persons with a certain 
ability score estimate will have a 50% probability of correctly answering an item with the same 
ability score.  Persons are most accurately placed at or near an item with the same ability score 
estimate and vice versa.  
In the process, two additional sets of statistics are generated: outfit mean square (outfit 
MS) and infit mean square (infit MS).  The outfit MS is sensitive to outliers, rather than the infit 
MS, which is close to the ability score of the person/item.  Item infit MS are typically considered to 
be more important than outfit MS when considering the accuracy of measurement since infit MS 
diagnoses misfit in the region in which the item is supposed to function the most accurately - the 
area at and around the ability score necessary to get the item correct 50% of the time. As outliers 
are less of a threat to measurement accuracy, and the goal of Rasch modeling is to measure 
each participant meaningfully rather than to fit data to the model (Linacre), the data were not 
examined for outliers.  [Note that in order to create a system of measurement more equivalent to 
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the idea of measurement in the physical sciences, Rasch modeling is utilized to determine how 
accurately data from a sample fit the model rather than using data to validate a model.]
Rasch analysis was performed using WINSTEPS version 3.70.0 (Linacre, 2006), which 
utilizes an unrotated PCA for dimensionality.  Each two-tiered question set was treated as a single 
item for Rasch model analysis.  The average ability scores of persons who answered each item 
either correctly (score value = 1) or incorrectly (score value = 0) were also calculated.  A t test 
was utilized to calculate whether the smallest difference in average ability scores was statistically 
significant using
t = µ2 − µ1
SE22 + SE12( ) with n2 + n1 − 2( ) d.f.                                                            (2)
where µ is the average ability estimate for a count of n and standard error (S.E.) of the mean.
The reliability of the CTER v2 for this sample was estimated using the Kuder-Richardson 
Formula 20 (KR-20), a derivative of Cronbach’s alpha utilized for dichotomous instruments  
α = KK −1 1−
∑i=1
K piqi
σX
2
⎛
⎝⎜
⎞
⎠⎟ with 
σX
2 =
∑i=1
N Xi − X( )2
N                      (3)
where K is the number of items on a test, pi is the number of respondents to succeed on an item, 
qi is the number of respondents to fail the item, and σX
2  is the variance of the sample.
Seven high school biology teachers underwent cognitive interviews performed by the 
author according to the guidelines recommended by Willis (2005).  The teachers were recruited 
through emails and each interview took approximately one hour.  Minimally invasive verbal 
probes were utilized to clarify responses and discover why options were chosen or discarded.  
Each respondent was asked to think aloud as they took the CTER v2 and the interviews were 
recorded and transcribed.
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Given the previous discussions, the following null hypotheses were generated:
Null Hypothesis 1 (HΟ1): CTER v2 scores are not correlated with academic 
preparation.
Null Hypothesis 2 (HΟ2): The latent variable, an understanding of evolution, is not 
a single dimension.  Therefore, the ability to read and interpret evolutionary trees 
is not a part of understanding evolution.
Null Hypothesis 3 (HΟ3): The high school biology teacher data fit the Rasch 
model.
Teachers that were not originally targeted for participation in the CTER v2 were invited by 
email to complete the CTER v2 and the CINS.  Pearson’s Product-Moment Coefficient 
Correlation between the respondents’ scores on the two measures was calculated using SPSS 
18.0 through the equation
rXY =
∑ X − X( ) Y −Y( )
∑ X − X( )2 ∑ Y −Y( )2                                                                                     (4)
where r = correlation between x and y, and X and Y are the means of the two samples.
Note: This research was approved by the Institutional Review Board for the Protection of Human 
Subjects on 8/18/08, with renewal on 8/18/09.
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Chapter 3: Results
Validity Evidence
CTER content validation evidence.
Seventeen content experts reviewed the first version of the CTER (CTER v1) (Appendix 
1), fifteen of whom completed the assessment.  The group scored a mean 9.5 out of a possible 
12 points, with a range from 7 to 11.5 points.  (The CTER v1 had 10 paired and 4 unpaired 
questions, worth one point and 0.5 points respectively, for a maximum score of 12 points.)  There 
were no items that every expert answered incorrectly.  One additional expert did not complete the 
assessment as she felt that the instrument was too flawed for minor revisions to overcome.
Many of the experts also provided comments regarding the nature of the assessment.  
Two disliked the name of the instrument, preferring to remove the word “Reasoning” from the title 
since some of the questions assessed factual knowledge or understanding of terminology.  
Others recommended minor wording changes to a few items, such as altering the word “almost” 
to “about” in question 5, option D.  
There were several items to which individual experts took exception.  Expert 15 believed 
that the experiments depicted in the CTER were unrealistic and that the concept of speciation 
could not be assessed as it is an artificial one.  Furthermore, she felt that teachers familiar with 
mark-and-recapture techniques would have an unfair advantage on items 9 & 10.  A different 
expert proposed that Items 19 & 20 may not be as straightforward as they appear if the surgical 
removal of a mouse’s tail somehow affected sexual selection in the population of mice.  Expert 8 
believed that Items 5 & 6 were misleading by asking respondents to predict a change that took 
place over such a short period of time (several years instead of several thousand or hundred 
thousand years).  In contrast, Expert 16 liked the question because it tested the misconception 
that need could result in adaptation.
Only half of the experts were able to answer Item 22 correctly, and several stated that 
they were not familiar enough with Archaeopteryx to make any definitive conclusions.  
Furthermore, some felt that although Archaeopteryx was an example of a transitional fossil, it 
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could also be considered to be a dinosaur since it fell within the lineage of dinosaurs to birds.  As 
there could be two correct answers to this item, it was modified to assess the definition of a 
transitional fossil.
Items 1 & 2 inspired two experts to ask that the heritability of the pesticide resistance in 
mosquitoes be provided in the question stem, whereas a third suggested that a chemical 
pesticide could be mutagenic.  Three experts felt that Question 24 possessed more than one 
answer since both natural selection or geographic isolation leading to genetic drift could cause a 
change in gene frequency in a population.  Furthermore, an additional expert questioned whether 
novices would understand the meaning of the term “geographic isolation”.
One pair of items was particularly contentious, with nine of the experts commenting on 
questions 7 & 8.  All felt that the ratio of fossils discovered to still extant species was not an 
accurate representation of how rock beds are dated.  Several recommended consultation with a 
paleontologist to decide the matter, so the curator of paleoecology and evolution at a city natural 
history museum was asked to review the items.  His response was as follows:
This is method that is called seriation that was used many years ago and probably has 
the longest history of any of the relative dating techniques.  It is still generally used in 
Europe in stratigraphic ordering of sites because we don’t have a continuous fossil record 
there and many of the sites are isolated localities with data similar to what you have 
presented (albeit quite a bit more sophisticated than basic seriation).  The method was 
also used extensively in archaeology in counting different types of potsherds and placing 
sites in order in the first half of the last century.  It is reasonably reliable. 
We don’t use the method today in North America because of all of the other 
techniques we have: direct comparison of index taxa; superposition; paleomagnetics; 
isotope stratigraphy; lithostratigraphy; and isotope dating among others. 
 Just because it is not used today is not a good reason to exclude it.  It is a logic 
experiment that students should understand in how we order the world.   Where this 
method is actually used with high frequency today is in cladistics where the objective is to 
determine sister relationships rather than time order (but in many ways it is the same 
thing).  The real world is always very complicated but I find these kinds of set up 
experiments to be extremely valuable in getting students (and myself) to the point of 
understanding basic principles.  I’d keep the questions.” (R. Stuckey, personal 
communication, November, 2008). 
Given this reasoning, the items were retained, but modified to indicate that the rates of extinction 
and fossilization were the same at each site.  
Otherwise, in general, the experts felt that the CTER was appropriate for the target 
audience and covered all the common misconceptions.  Some minor wording changes were 
performed to make the questions more clear.  Furthermore, three items covering evolutionary 
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trees were added.  The revised instrument was termed the CTER v2 (Appendix 3).  It contained 
11 paired and 4 unpaired items, yielding a maximum score of 13 points (1 point for each paired 
item and 0.5 points for each unpaired item).
CTER internal structure evidence.
WINSTEPS version 3.70.0 (Linacre, 2006) was used to generate summary statistics of 
the persons and items in the sample (Table 1).  The real person reliability of 0.75 points to a scale 
that is able to discriminate well between persons, thereby distinguishing between respondents 
with different ability scores.  The real person separation coefficient (Gp) was 1.72 logits.  Whereas 
the reliability scale has a ceiling of 1, Gp has no upper bound as it is the ratio between the true 
standard deviation to the error standard deviation.  Higher Gp statistics suggest a greater spread 
of the sample along the latent variable, which aids in precisely placing respondents along the 
latent continuum.  The raw score-to-measure correlation is 0.99, so the raw CTER v2 scores in 
points are highly correlated with the logit scores produced by WINSTEPS.  Therefore, in order to 
facilitate an understanding of the implications of the CTER v2 scores, teacher total scores will be 
given in points rather than logits.  
The standardized fit like a Z-score statistic (ZSTD) was used to indicate significance of 
infit or outfit MSs with those values greater than 2 as statistically significant.  There are no gross 
indications of misfit since the person infit ZSTD had a mean of 0 and a SD of 0.9 logits, while the 
outfit ZSTD had a mean of 0.2 and a SD of 1.0 logits, values which are close to the model ideal of 
a mean of 0 and SD of 1 logits.
Item polarity statistics when calculating the fit of the data to the Rasch model were also 
produced (Table 2).  The point measure correlation is positive for all of the retained items 
indicating that they do not oppose the  underlying construct’s direction.  All but four of the items 
have positive correlations greater than 0.5 and those with lower correlations do not noticeably 
differ from their expected values.
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Table 1
Summary Statistics of Persons and Items
Summary of 706 Measured (Non-Extreme) Persons
Total Score Count Measure Model Error Infit Outfit
MNSQ ZSTD MNSQ ZSTD
Mean 7.4 15.0 -0.16 0.70 0.98 0.0 1.28 0.2
SD 3.4 0.0 1.51 0.13 0.31 0.9 1.55 1.0
Maximum 14.0 15.0 3.61 1.13 2.43 3.2 9.90 4.6
Minimum 1.0 15.0 -3.30 0.60 0.34 -2.0 0.19 -1.4
Real RMSE 0.76 True SD 1.30 Separation 1.72 Person Reliability 0.75
Model RMSE 0.71 True SD 1.33 Separation 1.86 Person Reliability 0.78
SE of Person Mean 0.06
Maximum Extreme Score 1 Person
Minimum Extreme Score 17 Persons
Summary of 724 Measured (Extreme and Non-Extreme) Persons
Total Score Count Measure Model Error Infit Outfit
MNSQ ZSTD MNSQ ZSTD
Mean 7.2 15.0 -0.25 0.73
SD 3.5 0.0 1.64 0.22
Maximum 15.0 15.0 5.00 1.89
Minimum 0.0 15.0 -4.60 0.60 0.34 -2.0 0.19 -1.4
Real RMSE 0.80 True SD 1.44 Separation 1.79 Person Reliability 0.76
Model RMSE 0.76 True SD 1.46 Separation 1.91 Person Reliability 0.78
SE of Person Mean 0.06
Person Raw Score-to-Measure Correlation 0.99
Cronbach Alpha (KR-20) Person Raw Score Reliability 0.81
Summary of 15 Measured (Non-Extreme) Items
Total Score Count Measure Model Error Infit Outfit
MNSQ ZSTD MNSQ ZSTD
Mean 348.6 724.0 0.00 0.10 0.97 -0.6 1.37 0.2
SD 153.2 0.0 1.46 0.02 0.15 3.0 0.87 1.0
Maximum 561.0 724.0 2.92 0.14 1.19 4.6 3.73 4.6
Minimum 63.0 724.0 -2.04 0.09 0.66 -6.2 0.48 -1.4
Real RMSE 0.11 True SD 1.45 Separation 13.75 Item Reliability 0.99
Model RMSE 0.10 True SD 1.45 Separation 14.10 Item Reliability 0.99
SE of Item Mean 0.39
Note. RMSE = Root Mean Square standard Error, which is calculated by taking the square root of 
the mean of the squared standard error.  MNSQ = Mean Square, (see text for discussion).  ZSTD 
= standardized fit like a Z-score statistic, (see text for discussion). SD = Standard Deviation. SE = 
Standard Error.  WINSTEPS used a maximum score of 15 as there were 15 items.
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Table 2
Item Statistics for CTER v2 Minus Items 9 & 10 and 24
Item 
Number(s)
Measure 
(logits)
Infit Outfit Point-Measure 
Correlation
MNSQ ZSTD MNSQ ZSTD Observed Expected
13 & 14 2.92 1.08 0.8 2.58 4.4 0.20 0.30
25 & 26 2.67 1.08 0.9 3.73 6.8 0.20 0.33
22 1.97 1.17 2.7 2.20 4.9 0.26 0.39
23 0.72 1.19 4.6 2.17 9.1 0.35 0.50
11 & 12 0.31 0.95 -1.3 1.15 1.7 0.53 0.52
1 & 2 -0.19 1.04 1.1 0.99 -0.1 0.53 0.55
29 -0.23 0.99 -0.3 1.04 0.6 0.56 0.55
27 & 28 -0.24 1.05 1.2 1.23 3.0 0.52 0.55
15 & 16 -0.25 0.90 -2.4 0.88 -1.7 0.60 0.55
7 & 8 -0.60 1.10 2.2 1.08 1.0 0.52 0.56
3 & 4 -0.74 0.74 -6.2 0.64 -5.2 0.69 0.57
5 & 6 -1.05 0.80 -4.2 0.82 -2.2 0.66 0.57
21 -1.51 0.96 -0.6 0.84 -1.5 0.60 0.57
17 & 18 -1.74 0.89 -1.9 0.79 -1.7 0.62 0.57
19 & 20 -2.04 0.66 -6.1 0.48 -4.3 0.71 0.56
Note. Items are shown in descending order of difficulty (reflected in the measure score in logits).  
MNSQ values have an expectation of 1 according to the Rasch model and ZSTD statistics 
greater than 2.0 can indicate significant differences from the model’s expectations.  The point-
measure correlation connotes the direction of each item with respect to the underlying latent 
variable (an understanding of evolution).  Expected point-measure correlations are calculated in 
light of the Rasch model.
The average ability scores of persons who answered each item either correctly (score 
value = 1) or incorrectly (score value = 0) were also calculated (Table 3).  The average ability 
score of those who correctly chose the answer for each item is above the average ability scores 
of those who did not.  A t test revealed that the difference is statistically significant for the item 
(Items 25 & 26) with the smallest difference in average ability scores (tstatistic = 4.99, df = 722, 
tcritical = 1.96).  In this instance, the t statistic is an approximation, so the null hypothesis would 
have been accepted for borderline values.  Therefore, the items were able to significantly 
distinguish between respondents who could provide the correct answers and those who could 
not.
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Table 3
Item Option Frequencies and Average Abilities
Item 
Number(s)
Score Value Data Average Ability 
(logits)Count %
13 & 14 0 661 91 -0.35
1 63 9 0.80
25 & 26* 0 648 90 -0.37
1 76 10 0.72
22 0 599 83 -0.45
1 125 17 0.70
23 0 471 65 -0.68
1 253 35 0.54
11 & 12 0 420 58 -1.00
1 304 42 0.78
1 & 2 0 358 49 -1.14
1 366 51 0.62
29 0 353 49 -1.19
1 371 51 0.64
27 & 28 0 352 49 -1.12
1 372 51 0.57
15 & 16 0 351 48 -1.27
1 373 52 0.70
7 & 8 0 308 43 -1.25
1 416 57 0.48
3 & 4 0 292 40 -1.64
1 432 60 0.68
5 & 6 0 257 35 -1.72
1 467 65 0.55
21 0 210 29 -1.79
1 514 71 0.38
17 & 18 0 188 26 -1.98
1 536 74 0.35
19 & 20 0 163 23 -2.43
1 561 77 0.38
Note. Score values of 0 indicate incorrect answers and score values of 1 indicate correct 
answers.  The average ability scores in logits represent the average ability score of the 
respondents who answered the item incorrectly or correctly.
*Indicates the item with the smallest difference between ability scores required for incorrect or 
correct answers.
The Rasch model predicts that both the infit and outfit MSs will be close to 1.0, indicating 
that the response pattern of the participants fits the model.  Statistics greater than 2.0 suggest 
that there is random noise in the data, thereby creating inaccurate measurements, whereas 
statistics less than 0.5 connote that less information is being provided by the respondents.  The 
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outfit MS is sensitive to outliers.  Therefore, when the infit MS for an item is close to 1.0, but the 
outfit MS is greater than 2.0, respondents with low ability estimates chose the correct answer to 
very difficult items.  This pattern can be seen in Items 13 & 14, 25 & 26, and 22, all of which 
require ability scores greater than 2 for respondents to select the correct answer 50% of the time 
(Table 2).  
For items where both the infit and outfit MSs are less than 0.5, the data are too 
predictable and provide less meaningful information about the sample being assessed.  The only 
items with MSs close to 0.5 were Items 19 & 20, with a infit of 0.66 and an outfit of 0.48.  None of 
the most misfitting response strings (Table 4) or most unexpected responses (Table 5) include 
these items.  Therefore, the low infit and outfit MSs could be indicative of very easy questions that 
exhibit a Guttman deterministic pattern with some overfit.  The Guttman scalogram of responses 
(not shown) supports this assertion as there were no individuals of high ability that chose the 
incorrect answer for Items 19 & 20.  
As previously mentioned, the standardized fit like a Z-score statistic (ZSTD) was used to 
indicate significance of infit or outfit MSs (Table 2).  However, if the sample size is large (over 
300), the d.f. is large, and any non-significant misfit can be inflated to statistical significance.  This 
is likely what occurred with this sample size for several of the items, such as Item 23, which has 
an infit MS of 1.19, but a ZSTD of 4.6.  Furthermore, 30 of the 47 most unexpected responses 
(Table 5) were correct answers to one of the three most difficult items by respondents with ability 
scores far below the ability score of the item.  These were also the respondents with the greatest 
misfit order (Table 6, Appendix 2).  Such a pattern may either be the result of guessing or an 
understanding of this concept by some participants who otherwise have low ability scores.  
Guessing is less likely since the questions are paired, resulting in a 0.11 likelihood of selecting 
the correct answer to each individual question at best (if the items have only 3 options, as with 
Items 13 & 14).  In either instance, the result was ZSTD scores higher than 10 for 14 of the most 
unexpected responses.
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Table 4
Most Misfitting Response Strings
Person Outfit 
MNSQ
Item
19 & 
20
17 & 
18
21 5 & 
6
3 & 
4
7 & 
8
15 & 
16
27 & 
28
29 1 & 
2
11 & 
12
23 22 25 & 
26
13 & 
14 
11 9.90 1
29 9.90 1
60 9.90 1 1
79 9.90 1
88 9.90 1 1
93 9.90 1
106 9.90 1 1
121 9.90 1 1 1
125 9.90 1 1
168 9.90 1
190 9.90 1 1
65 9.21 1 1
25 8.85 1 1
186 8.70 1
148 7.63 1 1
110 7.32 1 1
128 7.32 1 1
28 7.06 1 1
169 6.52 1 1
345 5.94 1
82 5.86 1
127 5.85 1
160 5.84 1
41 5.21 1 1
98 4.67 1
86 4.63 1
Note. Only misfitting responses are shown, so missing table values are responses that fit the 
Rasch model.
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Table 5
Most Unexpected Responses
Person Outfit 
MNSQ
Item
19 & 
20
17 & 
18
21 5 & 6 3 & 4 7 & 8 15 & 
16
27 & 
28
29 1 & 2 11 & 
12
23 22 25 & 
26
13 & 
14 
454 3.61 0
509 3.61 0
467 2.62 0
470 2.62 0
36 -1.04 1
107 -1.04 1
151 -1.04 1 1
287 -1.04 1
324 -1.04 1
41 -1.44 1 1
86 -1.44 1
98 -1.44 1
121 -1.44 1 1 1
127 -1.44 1
160 -1.44 1
169 -1.44 1 1
345 -1.44 1
25 -1.89 1 1
28 -1.89 1 1
65 -1.89 1 1
68 -1.89 1 1
131 -1.89 1
137 -1.89 1
148 -1.89 1 1
186 -1.89 1
60 -2.45 1 1
79 -2.45 1
82 -2.45 1
88 -2.45 1 1
106 -2.45 1 1
110 -2.45 1 1
125 -2.45 1 1
128 -2.45 1 1
190 -2.45 1 1
2 -3.30 1
5 -3.30 1
11 -3.30 1
15 -3.30 1
29 -3.30 1
43 -3.30 1
47 -3.30 1
90 -3.30 1
93 -3.30 1
123 -3.30 1
163 -3.30 1
168 -3.30 1
172 -3.30 1
177 -3.30 1
191 -3.30 1
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The difficulty of each item was estimated (Table 2), with high measure scores designating 
difficult items and low measure scores easy items.  The item-person map (Figure 1) shows that 
there are many respondents with lower ability levels (below -2 logits), but there are no items 
targeted to these levels.  Therefore, these persons are not as precisely placed in regards to their 
understanding of evolution.  Furthermore, there are many respondents with an ability level of 1.3 
logits, but no items targeted to this level.  This results in larger person standard errors.  Items 15 
& 16, 27 & 28, and 29 all overlap at -0.25 logits, but it isn’t necessary to have three items to target 
this ability level.  Therefore, since Item 29 has an infit MS of 0.99, the other two pairs of items 
could be revised to target persons with either very high or very low ability levels.  Minus these 
exceptions, there is usually at least one item targeted at or very close to each ability level.
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Figure 1
Person/Item Map for CTER v2
Note. M = the mean.  S = one standard deviation from the mean.  T = two standard deviations 
from the mean.  Numbers of persons at each ability level are listed to the left of the axis and item 
ability scores are listed to the right of the axis.
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In the initial analysis, the infit and outfit MS statistics pointed to a second underlying 
dimension to the CTER v2 involving Items 9 & 10 and 24 (Tables 7 and 8).  The infit MS for Items 
9 & 10 was 1.33 with a ZSTD of 7.9, whereas the infit MS for Item 24 was 1.32 with a ZSTD of 
7.2.  The variance explained by the items was only 3.7 times the unexplained variance in the first 
contrast.  The variance explained by the measures was also lower than desired, 39.6% rather 
than the 50% recommended by Linacre.  The unexplained variance in the first contrast was not at 
issue as it was below 3 Eigenvalue units, which is good and indicates that the second dimension 
was only approximately 2 units strong at 1.7 Eigenvalue units.  However, a percentage below 5% 
indicates an excellent rating.
Table 7
Item Statistics for CTER v2 Including Items 9 & 10 and 24
Item 
Number(s)
Measure 
(logits)
Infit Outfit Point-Measure 
Correlation
MNSQ ZSTD MNSQ ZSTD Observed Expected
13 & 14 2.73 1.05 0.6 1.76 2.7 0.18 0.27
25 & 26 2.50 1.03 0.4 2.75 5.4 0.19 0.29
22 1.83 1.11 1.9 1.83 4.1 0.24 0.35
9 &10 0.83 1.33 7.9 1.65 5.8 0.23 0.45
23 0.66 1.14 3.7 1.83 7.7 0.33 0.46
11 & 12 0.26 0.91 -2.7 0.97 -0.4 0.53 0.49
1 & 2 -0.20 0.99 -0.4 0.91 -1.5 0.53 0.51
29 -0.24 0.94 -1.5 0.95 -0.7 0.55 0.52
27 & 28 -0.25 1.00 0.0 1.12 1.8 0.51 0.52
15 & 16 -0.26 0.88 -3.4 0.82 -2.9 0.59 0.52
24 -0.54 1.32 7.2 1.46 6.3 0.33 0.53
7 & 8 -0.59 1.03 0.9 1.01 0.2 0.51 0.53
3 & 4 -0.72 0.73 -7.1 0.64 -6.1 0.69 0.53
5 & 6 -1.01 0.77 -5.3 0.74 -3.9 0.66 0.53
21 -1.43 0.91 -1.8 0.80 -2.3 0.59 0.53
17 & 18 -1.65 0.85 -2.8 0.74 -2.8 0.62 0.53
19 & 20 -1.92 0.64 -6.8 0.50 -5.1 0.71 0.52
Note. Items are shown in descending order of difficulty (reflected in the measure score in logits).  
MNSQ values have an expectation of 1 according to the Rasch model and ZSTD statistics 
greater than 2.0 can indicate significant differences from the model’s expectations.  The point-
measure correlation connotes the direction of each item with respect to the underlying latent 
variable (an understanding of evolution).  Expected point-measure correlations are calculated in 
light of the Rasch model.
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Table 8
Standardized Residual Variance for CTER v2 Including Items 9 & 10 and 24
Empirical Modeled
Eigenvalue units % % %
Total raw variance in observations 27.9 100.0 100.0
Raw variance explained by measures 10.9 39.1 37.9
Raw variance explained by persons 4.4 15.9 15.4
Raw variance explained by items 6.5 23.1 22.4
Raw unexplained variance (total) 17.0 60.9 100.0 62.1
Unexplained variance in 1st contrast 1.7 6.2 10.2
Unexplained variance in 2nd contrast 1.3 4.8 7.9
Unexplained variance in 3rd contrast 1.3 4.6 7.5
Unexplained variance in 4th contrast 1.1 4.1 6.7
Unexplained variance in 5th contrast 1.1 4.0 6.6
An examination of Items 9 & 10 resulted in a conclusion that rather than measuring an 
understanding of evolution through the classic Peppered Moth example, they were assessing the 
ability to analyze experimental design.  Item 24 also revealed problems in that several experts felt 
that there may be two correct answers and the option terminology was too remote from a general 
understanding of evolution.
Eliminating Items 9 & 10 and 24 resulted in an increase of the ratio of the variance 
explained by the items to the unexplained variance in the first contrast to 4.47 (Table 9).  This 
value exceeds the requirement of a ratio of four (Linacre).  The variance explained by the 
measures also increased to 43.7%.  Furthermore, the unexplained variance in the first contrast 
was reduced to 1.5 Eigenvalue units and 5.7%.  WINSTEPS was utilized to create a set of 
simulated data that fit the Rasch model but possessed characteristics similar to the data set at 
hand.  The unexplained variance in the first contrast was 1.3, which is negligibly smaller than 1.5 
and could be expected by chance alone.  The variance component scree plot (not shown) 
showed a sharp drop after the first principal component, indicating the the remaining items are 
unidimensional.  Therefore, these items were removed from the instrument.  After removal of 
Items 9 & 10 and 24, it was concluded that HΟ2 was refuted.  Furthermore, given the additional 
internal evidence already presented, it was concluded that HΟ3  was supported.
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Table 9
Standardized Residual Variance for CTER v2 Minus Items 9 & 10 and 24
Empirical Modeled
Eigenvalue units % % %
Total raw variance in observations 26.6 100.0 100.0
Raw variance explained by measures 11.6 43.7 42.0
Raw variance explained by persons 4.9 18.2 17.5
Raw variance explained by items 6.8 25.5 24.5
Raw unexplained variance (total) 15.0 56.3 100.0 58.0
Unexplained variance in 1st contrast 1.5 5.7 10.1
Unexplained variance in 2nd contrast 1.3 5.0 8.8
Unexplained variance in 3rd contrast 1.2 4.7 8.3
Unexplained variance in 4th contrast 1.1 4.3 7.7
Unexplained variance in 5th contrast 1.1 4.2 7.5
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CTER response processes evidence.
The CTER v2 was very effective in probing for misconceptions in all of the interviewees.  
A few reveled Lamarckian thinking patterns when addressing Items 1 & 2 through the belief that 
insects could become more resistant over time after exposure to a pesticide.  Respondents 1-4 
and 6-7 used structural similarities when classifying lungfishes rather than citing a common 
ancestor.  Three interviewees believed that homologous structures were related to structural 
similarities.  Only one chose the correct answer for Item 22 concerning a transitional fossil.  Items 
5 & 6 inspired an immediate desire to draw a Punnett square, even though such a tool is not 
required for the analysis of these questions.  There were several respondents that indicated that 
mutations may occur out of need on Items 1 through 6 and that speciation always begins with 
geographic isolation.  
The instrument also assessed an accurate understanding of evolution for all of the items 
with at least one participant.  However, over half of the interviewees (n = 6) felt restricted by the 
second tier of responses for items 26 and 28 as each reason only fit one of the first tier options. 
CTER relations to other variables evidence.
Of the teachers invited to complete the CTER v2 and the CINS, 102 started the survey 
and 68 finished for a 66.7% completion rate.  The mean CTER v2 score was 7.76 points and the 
mean CINS score was 16.43 out of 20 points.  The correlation between CINS score and CTER 
score was r = 0.61 (significant at the 0.01 level) (Figure 2).  (With the inclusion of Items 9 & 10 
and 24, the correlation was r = 0.57, p<0.01.)
Reliability Estimate
The Cronbach Alpha (KR-20) person raw score reliability was calculated to be 0.81 (Table 1).  
This statistic is equivalent to the CTER v2 reliability estimate for this population.  The lowest 
meaningful reliability estimate is considered to be 0.5, whereas 0.8 is the minimum for decision-
making based upon an assessment’s scores (Linacre).  (With the inclusion of Items 9 & 10 and 
24, the reliability estimate was 0.78.)
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Figure 2
Correlation Between CTER v2 Scores and CINS Scores
Assessment of Teachers
Of the 1028 respondents that began the survey, 724 completed it (n = 724) for a 70.4% 
completion rate.  The demographics of the sample can be found in Tables 10-15.  The majority of 
participants resided in the Mountain, West North Central, West South Central, and East North 
Central regions, resulting in a better representation of the understanding of evolution by teachers 
in the Mid-West rather than nationwide.  The respondents largely teach in public schools, 
although each of the school locations (inner city/urban, suburban, small city/town, and rural) were 
well represented.  The sample also included a wide range of teachers in terms of experience, 
both teaching and teaching biology.  Over half of the participants possessed a Master’s Degree, 
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although most of these degrees were in educational fields (not shown).  As with other studies of 
high school biology teachers, many do not feel prepared to teach evolution (Table 16).
Table 10
Frequency of Teachers in the Sample by Age and Gender
Age
21-30 31-40 41-50 51-60 61-70 Total
Gender Male 57 108 77 43 13 298
Female 114 141 95 69 7 426
Total 171 249 172 112 20 724
Table 11
Frequency of United States Region for Sampled Teachers
Region Frequency Percentage
Pacific
Mountain
West North Central
West South Central
East North Central
East South Central
New England
Middle Atlantic
South Atlantic
45 6.2
216* 29.8
172 23.8
102 14.1
63 8.7
13 1.8
21 2.9
39 5.4
53 7.3
Total 724 100.0
Note. Regions are defined according to U.S. Census guidelines where Pacific = AK, CA, HI, OR, 
WA; Mountain = AZ, CO, ID, NM, MT, UT, NV, WY; West North Central = IA, KS, MN, MO, NE, 
ND, SD; West South Central = AR, LA, OK, TX; East North Central = IN, IL, MI, OH, WI; East 
South Central = AL, KY, MS, TN; New England = CT, ME, MA, NH, RI, VT; Middle Atlantic = NJ, 
NY, PA; and South Atlantic = DE, DC, FL, GA, MD, NC, SC, VA, WV.
*194 respondents self-identified as teaching in the state of Colorado.
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Table 12
Frequency of School Type and Location of Teachers in the Sample
School Type
Public Non-
religious 
private
Religious 
private
Charter Alternative Total
School 
Location
Inner city/
urban
113 9 15 3 2 142
Suburban 267 11 17 6 3 304
Small city/
town
142 1 3 3 1 150
Rural 111 2 3 0 2 118
Not 
certain
7 0 0 2 1 10
Total 640 23 38 14 9 724
Table 13
Participants’ Number of Years Teaching
Number of Years Frequency Percent
1-2 94 13.0
3-4 92 12.7
5-10 226 31.2
11-20 186 25.7
Over 20 126 17.4
Total 724 100.0
Table 14
Participants’ Number of Years Teaching Biology
Number of Years Frequency Percent
1 - 2 153 21.1
3 - 4 135 18.6
5 - 10 208 28.7
11 - 20 144 19.9
Over 20 84 11.6
Total 724 100.0
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Table 15
Teacher Frequency of Academic Preparation
Type of Degree Frequency Percent
B.A. 79 10.9
B.S. 204 28.2
Master 417 57.6
Ph.D. 24 3.3
Total 724 100.0
Table 16
Percentage of Teachers who Feel Prepared by their Academic Background to Teach Evolution
Degree Strongly 
disagree
Disagree Agree Strongly 
agree
Bachelor's 8.80% 26.90% 53.00% 11.30%
Master's 27.80% 21.30% 29.30% 21.60%
PhD 16.70% 8.30% 25.00% 50.00%
The teachers scored a mean 6.35 out of a possible 13 points, with a range from 0 to 13 
points; the distribution had a skewness statistic of -0.396 (Table 17).  As the skewness of CTER 
v2 scores lay between -1 and 1, the sample was assumed to possess a normal distribution.  The 
frequency diagram of the CTER v2 scores supports this conclusion, although the curve displays a 
slight negative skew (Figure 3).  One method of targeting of educational assessments to a 
particular population is typically performed by aiming for an 80% success rate in the scores 
(Linacre, 2006).  However, since the CTER is not an achievement test nor is learning a linear 
process, scores were not calculated on a pass/fail basis.  The responses for the sample are 
shown in Table 18.
Table 17
Descriptive Statistics of Teacher CTER v2 Score
n Minimum 
(points)
Maximum 
(points)
Mean 
(points)
Standard 
Deviation 
(points)
Skewness
CTER v2 
Score
724 0 13 6.35 3.16 -0.40
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Table 18
Item Option Response Percentages
Option
Item
1
2
3
4
5
6
7
8
11
12
13
14
15
16
17
18
19
20
21
22
23
25
26
27
28
29
A B C D E
4.4** 13.4 63.8* 18.4 N/A
75.0* 21.0 4** N/A N/A
12.7 14.1 68.2* 5.0 N/A
8.4 13.0 14.1 64.5* N/A
12.8 17.7 69.5* N/A N/A
15.3 15.2 69.5* N/A N/A
18.0 78.5* 3.5** N/A N/A
62.0* 10.5 27.5 N/A N/A
48.3* 35.1 10.0 6.6 N/A
55.8* 29.6 14.6 N/A N/A
21.7 51.8 26.5* N/A N/A
17.0 35.1 47.9* N/A N/A
22.2 8.0 63.3* 6.5 N/A
9.9 23.8 64.2* 2.1** N/A
5.9 80.3* 13.8 N/A N/A
85.2* 10.4 4.4** N/A N/A
79.1* 9.7 9.5 1.7** N/A
84.7* 8.4 6.9 N/A N/A
11.5 14.3 71.0* 3.2** N/A
16.4 60.1 6.2 17.3* N/A
32.7 29.1 34.9* 3.3** N/A
40.9 19.6* 10.1 29.4 N/A
13.8* 46.8 33.2 6.2 N/A
12.7 21.5 57.7* 8.1 N/A
9.9 58.8* 14.2 17.1 N/A
26.8 8.4 10.8 2.8** 51.2*
Note. * Denotes correct option.  ** Denotes distractors receiving less than 5% of the responses.
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Figure 3
Frequency of Scores on the CTER v2 Amongst Teachers
The correlation between education level and CTER score was r = 0.24, which is 
significant at the p = 0.01 level.  Therefore, HΟ1 was refuted.
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Chapter 4: Discussion
CTER Validation Evidence                                                                                                                
The name of an instrument is one of the factors which can affect its interpretation, and 
therefore, its validation estimate (Kane, 2006).  Yet despite the protestations by two of the content 
experts, the name of the CTER was retained because the two-tiered structure of the test explores 
the reasoning behind students’ answers.  As the highest scoring expert received a 11.5 out of 12 
points on the original CTER, there was no evidence for a score ceiling.  However, there are 
indications that the assessment is too difficult for the population being tested.  For example, as a 
group, all of the items were uniformly distributed (Tables 7 through 9), allowing for a degree of 
precision when placing persons.  However, the persons tend to be located one standard deviation 
above the mean or below, indicating that the CTER v 2 may be too difficult for most of the 
participants in this sample.  The persons were not normally distributed, and exhibited a negative 
skew in ability scores (Figure 2).  In addition, targeting the CTER v2 to this population was off as 
only 8.4% of the sample achieved a score of 80% or above, which is often considered to be the 
passing point for educational tests.  Therefore, it is clear that the CTER v2 needs additional items 
with lower ability estimates.
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The response process evidence did not show any additional skills or dimensions required 
for answering each item and the content experts agreed that the CTER v2 was assessing an 
understanding of evolution.  The significant correlation between the CTER v2 and the CINS 
supports that this is the underlying construct being measured.  Therefore, with the removal of 
Items 9 & 10 and 24, it was estimated that the CTER v2 measures a single dimension, an 
understanding of evolution.  Thus, HΟ2 was refuted.  There was little chance that there was a 
Type I error in this conclusion since the sample size and subject to item ratio used for the PCA 
were greater than the subject to item ratio of 20:1 or N≥400 deemed adequate by Osborne & 
Costello (2004) (CTER v2 subject:item ratio = 48.3:1 and n = 724).  The reliability estimate of 
0.81 also makes the CTER v2 more than adequate to use as a measurement instrument.
Point measure correlations indicate if items line up with the abilities of the persons being 
measured and higher correlations indicate a better match between person and item 
0
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characteristics.  There were no negative correlations, so there were no items that contradicted the 
latent variable.  Most of the items have strong positive correlations above 0.5, with items at the 
bottom of the item-person map possessing the highest correlations (Table 1).  Items with smaller 
correlations are those items located near the top of the item-person map, those that were the 
most difficult for this sample.  There were persons placed near or above these ability levels, but 
less so than the rest of the map.  Therefore, these items were less targeted to the majority of the 
population which explains the smaller point measure correlations.  The expected correlations for 
each item if the data had perfectly fit the model are also shown.  In some cases, such as Items 13 
& 14, the correlation is only 0.1 away from actual value.  Others have correlations from 0.13 to 
0.15, so the items may require some minor revisions to better fit the population.  However, the 
items will be retained in order to continue targeting respondents at the higher ability levels.  
To an extent, it was predicted that there will be a correlation between a higher education 
level and higher CTER scores as an understanding of science increases with education levels 
(Science & Engineering Indicators, 2008).  However, since many teachers will not have received 
a Master’s or PhD. in biology or evolution, the correlation should not have been perfect.  With a r  
significant at the p=0.01 level, the results of this study support other research that suggests an 
increase in evolutionary understanding with additional education.  
Inferences Regarding the CTER v2
The most important concern about an understanding of evolution in high school biology 
teachers is what can be inferred from the assessment about the underlying construct.  The item 
difficulty estimates indicate that understanding evolutionary trees requires higher level ability 
scores, as shown by a logit score of -0.24 or greater for each of the three tree questions.  The 
easiest of tree questions asks respondents to interpret the evolutionary relationship of plants to 
animals, fungi, and ciliates based upon an evolutionary tree.  Over 51% of the teachers got the 
item correct, with 57.7% choosing the correct answer to item 27 and 58.8% to item 28.  With 
plants as part of a three-pronged branch on the cladogram, this item does not clearly explore the 
misconception of one organism labeled on the tree evolving from one of the other organisms.  It 
does present distractors involving the closeness of branch tips implying relatedness.  An 
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additional misconception was noted for this item in the cognitive interviews in which one 
interviewee felt that the number and connectedness of the horizontal levels created by the 
branching pattern could be used to indicate relatedness.
Items 25 and 26 are distinctly more difficult by additionally exploring the misconception of 
one organism labeled on the tree evolving from one of the other organisms (40.9% chose this 
distractor) and closeness of branch tips (29.4% chose this distractor).  Approximately 10% of the 
teachers felt that trees could depict one organism as more highly evolved than another.  (Only 
10.5% of respondents replied correctly to this set of items that uses a different portion of the 
same diagram.)
The unidimensional nature of the CTER v2 supports the inference that reading and 
interpreting evolutionary trees is not a 
separate dimension from 
understanding evolution.  Therefore, 
rather than being a separate skill, the 
ability to decipher the information 
presented in a tree is an integral part 
of comprehending evolution, but 
requires greater ability skills to do so.  
Yet, it will be necessary to alter Items 
26 and 28 so that these second-tier 
questions could apply to more than 
one option in the first tier.  An 
example is shown in Box 1.   
At first glance, the high difficulty levels of Items 22 and 23 could be due to a 
miscomprehension of terminology (defining “transitional fossil” in item 22 and “homologous” in 
item 23).  However, one of the easier items on the test, item 21, concerns “a vestigial structure”.  
Yet despite the use of a term restricted to evolutionary biology, 71.0% of the teachers understood 
the concept and applied it correctly.  In contrast, only 17.3% of respondents could identify what a 
Box 1
Item 26: Which of the following best describes the 
reasoning behind the inference you just made for 
the Archaea domain?
A. These organisms share a more recent common 
ancestor.
B. The branch lengths are the shortest.
C. The branch tips are the closest together.
D.There are the fewest number of nodes between 
these organisms.
E. The branch for one of these organisms comes of 
the branch for the other organism.
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transitional fossil is and 34.9% could define a homologous structure.  All three concepts provide 
very powerful evidence for evolution, but only one is well understood and misinformation for each 
persists (see the Answers In Genesis or Institute for Creation Research websites).
Misconceptions regarding transitional fossils likely originate from a lack of understanding 
about the information provided by the fossil record.  All of the distractors play upon the 
misinterpretation that the fossil record is more complete than it really is.  Very few organisms 
become fossilized.  Biological agents destroy the soft parts of dead organisms, whereas hard 
parts are usually destroyed, scattered, used to build new hard parts for living organisms, 
dissolved, metamorphosized into new types of rock, and/or eroded.  Consequently, less than 1% 
of all species to have ever existed can be found in the fossil record (Prothero, 2007).  Yet 
teachers believe that the fossil record is complete enough to illustrate transitions between 
ancestors and its descendants and therefore define transitional fossils as those that link ancestral 
and descendant groups (16.4%), two specific species (6.2%), or have features “in-between” 
ancestral and descendant groups (60.1%).  The last misunderstanding illustrates how little 
teachers understand the process of evolution, thinking that one type of organism can blur into 
another, and could be akin to the misguided blended theory of inheritance.
There is not a total miscomprehension of the fossil record, however.  Items 7 & 8, which 
concern determining the age of a dig site given the ratio of still living species to extinct species, 
were not as difficult.  The questions utilized proportional reasoning.  However, many chose the 
correct dig site (78.5%), but cited their reasoning as the largest number of extinct species found 
at that location (27.5%).    Therefore, the correct response rate was only 57.5%.
Teachers did well on questions concerning acquired characteristics (Items 5 & 6 and 19 & 
20).  The results imply that this is the easiest element of evolution and explains why teachers 
spend the largest number of classroom hours on it (Wise, 2008).  Hence, as a whole, teachers 
tend to be well educated regarding Lamarckian evolution, but have an insufficient understanding 
of large portions of evolutionary theory.
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Future Directions
Future directions for the CTER begin with examining options with less than 5% of the 
responses and delete or revise them.  Seven of the nine disfunctional distractors occurred as the 
last option for the item, so it is possible that reordering nonserial distractors would increase the 
percentage of responses that they receive.  
Moreover, the item/person map shows that there are many respondents with lower ability 
levels (below -2 logits), but there are no items targeted to these levels, so these persons will not 
be precisely placed in regards to their understanding of evolution.  Furthermore, there are many 
respondents with an ability level of 1.3 logits, but no items targeted to this level.  This results in 
larger person standard errors.   The overlap of three separate items, 15 & 16, 27 & 28, and 29, 
isn’t necessary to target this ability level, so item 29 with an infit MS of 0.99 will be retained and 
the other two pairs will be replaced with items that target persons of either very high or very low 
ability levels.  Otherwise, there is usually at least one item targeted at or very close to each ability 
level.  After making revisions, the CTER v3 will be submitted to a new sample of experts for 
review.  Until such changes take place, it is concluded that the CTER v2 has adequate reliability 
and validity estimates to measure an understanding of evolution.
The results of this research can also be utilized to affect the professional development of 
biology teachers.  It is clear that they understand several evolutionary concepts very well, such as 
the evolutionary relationship of humans to other related species, vestigial characteristics, and the 
erroneous nature of Lamarckian evolution and acquired characteristics.  However, there are other 
concepts that provide a good deal of evidence for evolution that are misunderstood, such as 
homology and transitional fossils, yet appear in high school biology textbooks.  In addition, most 
evolutionary relationships are communicated through evolutionary trees, which the teachers of 
this sample were unsuccessful in interpreting correctly.  Therefore, it is vital that rather than 
concentrating upon concepts that are well understood, like natural selection, professional 
development courses should instead present those topics in which misconceptions abound.  Due 
to its wide range of evolutionary concepts, the CTER v2 can be utilized to assess the 
understanding of a population of teachers so that instructors can better adapt course material to 
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them.  In this manner, high school biology teachers can be better prepared to be the last formal 
education in evolution that most Americans receive.
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Appendix 1
Classroom Test of Evolutionary Reasoning Version 1
Circle the best choice for each item - DO NOT PUT YOUR NAME ON THIS TEST
1. A population of insects is sprayed with an insecticide.  Ninety five percent of the insects 
are killed.  If the five percent of the insects that survive reproduce and the next generation of 
insects is sprayed again, we would predict that:
A.       all of the insects will be killed by the second spraying.
B.       ninety five percent of the insects will be killed by the second spraying.
C.       a much lower percentage of the insects will be killed by the second spraying.
D.       all of the insects will survive the second spraying.
2. Because:
A. insects that survived the first spraying were genetically resistant to the insecticide.
B. the insecticide caused resistance to develop in the insects that survived the first 
spraying.
C. the insecticide caused a mutation in the insects that survived the first spraying.
D. the insecticide is powerful enough to kill most of the insects.
3. In the mountains of California, the yarrow plant grows at elevations that range from 4,000 
feet to 12,000 feet (above timberline).  The plants that grow near or above timberline are much 
shorter on average than those growing near the 4,000 foot level. This could be due to either the 
effect of the environment on the growth of individual plants or to natural selection.  Suppose that 
seeds collected from yarrow plants growing at both elevations (i.e., 4,000 feet and 12,000 feet) 
are planted in garden plots at 4,000 feet and grown under identical conditions.  Which statement 
best describes the probable results of growing these two groups of seeds under the same garden 
conditions if the observed differences in height were due to natural selection rather than to the 
environment?
A. Both types of seeds will grow into plants of about the same average height as the 
plants growing at 12,000 feet. 
B. Both types of seeds will grow into plants of about the same average height as the 
plants growing at 4,000 feet.
C. Both types of seeds will grow into plants that are of an average height that is in 
between those growing at 4,000 feet and those growing at 12,000 feet.
D. Seeds collected from the plants growing at 4,000 feet will grow into much taller plants 
than those collected from plants growing at 12,000 feet.
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4. Because:
A. the environment is not a variable in this experiment
B. the environment will promote the growth of taller plants in this experiment.
C. the frequencies of the genetic alleles that affect plant height will be very similar in the 
two groups of seeds.
D. the frequencies of the genetic alleles that affect plant height will be very different in 
the two groups of seeds.
5. In many species of cave animals, all of the members of the population are blind and 
albino (i.e., they have no pigment).  This includes several species of cave salamanders.  Based 
upon this observation, a scientist conducted the following experiment:
A large number of salamanders with normal pigment and eyesight were each placed in separate 
containers.  The containers were then placed in total darkness and kept there for several years.  
At the end of this time period, all of the salamanders were placed back together in a very large 
container and were allowed to randomly mate with each other.  The offspring of these matings are 
then examined.  Which of the following should be true?
A. Almost all of the offspring should have less pigment and poorer eyesight than the 
parents.
B. The majority of the offspring should have less pigment and poorer eyesight than the 
parents.
C. About one fourth of the offspring should have less pigment and poorer eyesight than 
the parents.
D. Almost all of the offspring should have the same amount of pigment and eyesight as 
good as that of the parents.
6. Because:
A. the salamanders kept in the dark will not benefit from having pigment or eyesight.
B. the salamanders kept in the dark will not be able to use their pigment or their eyes.
C. the pigment will be reduced and the eyes will be damaged by constant exposure to 
the darkness.
D. the genes of the salamanders will not be altered by exposure to the darkness.
7. A paleontologist has collected fossil from 4 different locations for a number of years.  At 
location “A”, she collected fossils representing 512 different species; of these, 256 were still living 
today.  At location “B”, she collected 321 fossil species; of these, 107 were still living.  At location 
“C”, she collected 215 fossil species; of these, 43 were still living.  At location “D”, she collected 
160 fossil species; of these, 128 were still living.
Based upon these data, it can be inferred that the oldest of the 4 locations is:
A. location “A”.
B. location “B”
C. location “C”
D. location “D”
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8. Because:
A. only 1 in 5 of the fossil species at this location is still alive today.
B. the smallest total number of fossil species is found at this location.
C. the largest total number of fossil species is found at this location.
D. the largest total number of extinct species is found at this location.
9. Suppose that 512 dark moths and 472 light moths are captured, marked and released at 
the same location.  As many of each type of moth as possible are then recaptured.  Which of the 
following best describes what we can determine about the results of this experiment?
A. It is not possible to accurately predict the results of this experiment. 
B. A higher percentage of light moths will be recaptured.
C. A higher percentage of dark moths will be recaptured.
D. About the same number of each type of moth will be recaptured.
10. Because:
A. equal numbers of light and dark moths were not released at the start of the 
experiment.
B. no information about the environment where the moths were released is given.
C. insufficient numbers of moths were used in the experiment.
D. survival of these two types of moths should be random.
11. Which of the following types of mutations should accumulate most rapidly over time in a 
population?
A. Silent mutations
B. Frameshift mutations
C. Missense mutations
D. Nonsense mutations
12. Because:
A. this type of mutation should not affect gene function.
B. this type of mutation will probably prevent gene expression.
C. this type of mutation could alter protein structure or function.
D. this type of mutation will usually be favored by natural selection.
13. Lungfishes are considered to be mostly closely related to:
A. sharks
B. lampreys
C. trout
D. frogs
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14. Because:
A. they both have lungs
B. they are structurally most similar to each other
C. they have been separated from a common ancestor for the least amount of time
D. they both live in freshwater
15. Speciation of two sexually reproducing populations requires that:
A. the two populations become geographically isolated from each other.
B. the two populations look different from each other.
C. the two populations become reproductively isolated from each other.
D. the two populations remain in contact with each other.
16. Because:
A. separate species cannot form hybrids.
B. separate species must live in different habitats.
C. separate species cannot continue to exchange genes.
D. separate species must look different so that they can tell each other apart.
17. Humans share over 98% of their unique sequence DNA with:
A. gorillas
B. chimpanzees
C. orangutans
D. gibbons
18. Because:
A. humans evolved from this species
B. humans share a most recent common ancestor with this species
C. humans share the most behaviors with this species
D. humans have the same number of chromosomes as this species
19. A large number of mice have their tails removed.  These tailless mice are then allowed to 
breed among themselves.  This procedure is repeated for many generations.  When the offspring 
of the last generation of mice are examined, you would predict that:
A. none of the mice will be tailless
B. about 25% of the mice will be tailless
C. about 75% of the mice will be tailless
D. all of the mice will be tailless
20. Because:
A. removing the tail will not remove the genes that cause tail development
B. removing the tail will have a progressive effect on  each succeeding generation
C. tailless mice will be favored by natural selection
D. tailless is a recessive trait
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21. An example of a vestigial structure is:
A. the single toe bone of a horse
B. the fin of a whale
C. the pelvic bone of a snake
D. the breastbone of a bird
22. Archaeopteryx is an example of a:
A. a hominid
B. a dinosaur
C. a transitional fossil
D. a pterosaur (i.e., an extinct flying reptile)
23. Two structures are considered to be homologous if:
A. they have the same structure.
B. they have the same or similar functions.
C. they can be traced to a single structure in a common ancestor.
D. they look alike.
24.        Which of the following factors would be likely to cause a change in gene frequency in a 
population?   
A. a very large population size
B. natural selection within the population
C. random mating within the population
D. geographic isolation within the population
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Appendix 2
Table 6
Misfit Order for Measured Persons as Dictated by Outfit MNSQ
Person 
Number
Total Score Ability 
Score 
(logits)
Infit Outfit
MNSQ ZSTD MNSQ ZSTD
11 1 -3.30 1.28 0.6 9.90 3.3
29 1 -3.30 1.28 0.6 9.90 4.6
60 2 -2.45 1.48 1.0 9.90 3.6
79 2 -2.45 1.17 0.5 9.90 3.1
88 2 -2.45 1.47 1.0 9.90 3.2
93 1 -3.30 1.28 0.6 9.90 3.3
106 2 -2.45 1.60 1.2 9.90 4.6
121 4 -1.44 1.82 2.4 9.90 4.2
125 2 -2.45 1.42 0.9 9.90 3.2
168 1 -3.30 1.28 0.6 9.90 4.6
190 2 -2.45 1.47 1.0 9.90 3.2
65 3 -1.89 1.56 1.4 9.21 3.2
25 3 -1.89 1.34 1.0 8.85 3.2
186 3 -1.89 1.26 0.8 8.70 3.1
148 3 -1.89 1.43 1.2 7.63 2.9
110 2 -2.45 1.54 1.1 7.32 2.5
128 2 -2.45 1.54 1.1 7.32 2.5
28 3 -1.89 1.34 1.0 7.06 2.8
169 4 -1.44 1.73 2.2 6.52 3.2
345 4 -1.44 1.36 1.2 5.94 3.0
82 2 -2.45 1.23 0.6 5.86 2.2
127 4 -1.44 1.24 0.9 5.85 3.0
160 4 -1.44 1.24 0.9 5.84 3.0
41 4 -1.44 1.52 1.7 5.21 2.8
98 4 -1.44 1.18 0.7 4.67 2.5
86 4 -1.44 1.18 0.7 4.63 2.5
36 5 -1.04 1.29 1.2 4.24 2.8
287 5 -1.04 1.32 1.2 4.23 2.8
68 3 -1.89 1.38 1.1 3.86 1.9
2 1 -3.30 1.25 0.6 3.79 1.7
5 1 -3.30 1.25 0.6 3.79 1.7
15 1 -3.30 1.25 0.6 3.79 1.7
43 1 -3.30 1.25 0.6 3.79 1.7
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Person 
Number
Total Score Ability 
Score 
(logits)
Infit Outfit
MNSQ ZSTD MNSQ ZSTD
47 1 -3.30 1.25 0.6 3.79 1.7
90 1 -3.30 1.25 0.6 3.79 1.7
123 1 -3.30 1.25 0.6 3.79 1.7
163 1 -3.30 1.25 0.6 3.79 1.7
172 1 -3.30 1.25 0.6 3.79 1.7
177 1 -3.30 1.25 0.6 3.79 1.7
191 1 -3.30 1.25 0.6 3.79 1.7
151 5 -1.04 1.45 1.7 3.74 2.5
137 3 -1.89 1.27 0.8 3.71 1.8
131 3 -1.89 1.09 0.4 3.54 1.8
107 5 -1.04 1.35 1.4 3.53 2.4
324 5 -1.04 1.24 1.0 3.42 2.3
492 6 -0.67 1.46 1.9 3.40 2.7
508 7 -0.30 1.91 3.2 3.40 3.1
108 6 -0.67 1.38 1.6 3.32 2.7
17 7 -0.30 1.71 2.6 3.26 3.0
71 4 -1.44 1.57 1.8 3.23 1.9
99 4 -1.44 1.76 2.3 3.20 1.9
454 14 3.61 1.52 0.9 3.18 1.5
509 14 3.61 1.52 0.9 3.18 1.5
467 13 2.62 1.61 1.2 2.95 1.4
470 13 2.62 1.61 1.2 2.95 1.4
30 7 -0.30 1.59 2.2 2.88 2.7
486 11 1.35 2.43 2.5 2.87 2.1
658 6 -0.67 0.92 -0.3 2.86 2.3
52 2 -2.45 1.48 1.0 2.83 1.4
152 4 -1.44 1.32 1.1 2.72 1.6
200 6 -0.67 1.19 0.9 2.59 2.1
103 6 -0.67 1.21 1.0 2.58 2.1
367 10 0.87 1.84 1.9 2.55 2.2
26 1 -3.30 1.23 0.5 2.53 1.2
117 1 -3.30 1.23 0.5 2.53 1.2
161 1 -3.30 1.23 0.5 2.53 1.2
278 1 -3.30 1.23 0.5 2.53 1.2
707 7 -0.30 1.31 1.3 2.48 2.2
170 7 -0.30 1.18 0.8 2.44 2.2
667 10 0.87 2.31 2.7 2.24 1.9
491 9 0.45 1.80 2.2 2.28 2.2
568 5 -1.04 1.45 1.7 2.26 1.5
525 10 0.87 1.13 0.5 2.21 1.9
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397 5 -1.04 1.22 0.9 2.20 1.5
218 5 -1.04 1.38 1.5 2.18 1.5
57 5 -1.04 1.36 1.4 2.16 1.5
133 5 -1.04 1.37 1.4 2.14 1.4
231 12 1.92 2.11 1.9 1.57 0.8
451 5 -1.04 1.32 1.3 2.11 1.4
530 11 1.35 1.25 0.7 2.09 1.5
309 11 1.35 1.25 0.7 2.08 1.5
655 7 -0.30 1.22 1.0 2.06 1.8
506 8 0.06 1.32 1.2 2.04 1.9
493 7 -0.30 1.16 0.7 2.01 1.7
92 7 -0.30 1.75 2.7 1.97 1.7
636 10 0.87 1.92 2.1 1.94 1.6
18 2 -2.45 1.19 0.5 1.92 1.0
95 2 -2.45 1.19 0.5 1.92 1.0
176 2 -2.45 1.19 0.5 1.92 1.0
507 5 -1.04 1.05 0.3 1.90 1.2
689 14 3.61 1.48 0.8 1.89 1.0
346 9 0.45 1.73 2.0 1.89 1.7
33 2 -2.45 1.13 0.4 1.88 1.0
222 9 0.45 1.78 2.2 1.87 1.6
310 8 0.06 1.21 0.8 1.84 1.6
189 2 -2.45 1.04 0.2 1.84 1.0
271 6 -0.67 1.36 1.5 1.82 1.3
241 7 -0.30 0.94 -0.2 1.79 1.4
711 11 1.35 1.24 0.7 1.78 1.2
332 8 0.06 1.12 0.5 1.78 1.5
256 11 1.35 1.78 1.6 1.69 1.1
32 11 1.35 1.76 1.6 1.45 0.8
255 11 1.35 1.75 1.6 1.45 0.8
181 7 -0.30 1.55 2.1 1.75 1.4
295 11 1.35 1.75 1.5 1.53 0.9
570 9 0.45 1.32 1.0 1.74 1.5
259 9 0.45 1.35 1.1 1.72 1.4
452 10 0.87 1.32 0.9 1.69 1.3
538 11 1.35 0.76 -0.5 1.69 1.1
672 11 1.35 0.76 -0.5 1.69 1.1
279 10 0.87 0.97 0.1 1.67 1.2
266 9 0.45 1.52 1.6 1.65 1.3
112 3 -1.89 1.34 1.0 1.61 0.8
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531 8 0.06 1.38 1.4 1.61 1.3
66 6 -0.67 1.60 2.3 1.46 0.9
308 6 -0.67 1.14 0.7 1.59 1.0
263 8 0.06 1.20 0.8 1.59 1.2
565 8 0.06 1.15 0.6 1.59 1.2
59 3 -1.89 1.28 0.8 1.58 0.8
438 7 -0.30 1.37 1.5 1.57 1.1
578 10 0.87 1.57 1.4 1.44 0.9
583 10 0.87 1.22 0.7 1.57 1.1
175 1 -3.30 1.19 0.5 1.56 0.8
497 11 1.35 1.39 0.9 1.56 0.9
695 13 2.62 1.56 1.1 1.50 0.8
706 9 0.45 1.21 0.8 1.56 1.2
250 11 1.35 1.06 0.3 1.55 0.9
554 4 -1.44 1.53 1.7 1.24 0.5
597 9 0.45 1.53 1.6 1.53 1.1
436 9 0.45 1.19 0.7 1.53 1.1
379 8 0.06 1.11 0.5 1.52 1.1
582 8 0.06 1.10 0.4 1.52 1.1
288 6 -0.67 1.06 0.3 1.51 0.9
607 6 -0.67 1.06 0.3 1.51 0.9
327 12 1.92 0.92 0.0 1.51 0.8
74 1 -3.30 1.19 0.5 1.51 0.8
625 8 0.06 1.08 0.4 1.50 1.1
3 1 -3.30 1.19 0.5 1.49 0.8
50 1 -3.30 1.19 0.5 1.49 0.8
53 1 -3.30 1.19 0.5 1.49 0.8
76 1 -3.30 1.19 0.5 1.49 0.8
102 1 -3.30 1.19 0.5 1.49 0.8
111 1 -3.30 1.19 0.5 1.49 0.8
118 1 -3.30 1.19 0.5 1.49 0.8
120 1 -3.30 1.19 0.5 1.49 0.8
124 1 -3.30 1.19 0.5 1.49 0.8
142 1 -3.30 1.19 0.5 1.49 0.8
185 1 -3.30 1.19 0.5 1.49 0.8
267 8 0.06 1.07 0.4 1.49 1.1
281 11 1.35 1.48 1.1 1.10 0.4
34 1 -3.30 1.19 0.5 1.48 0.8
55 1 -3.30 1.19 0.5 1.48 0.8
382 4 -1.44 1.46 1.5 1.47 0.8
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648 7 -0.30 1.47 1.8 1.34 0.8
173 3 -1.89 1.23 0.7 1.47 0.7
212 8 0.06 1.41 1.5 1.45 1.0
182 4 -1.44 1.45 1.5 1.13 0.4
426 9 0.45 1.15 0.6 1.44 1.0
143 3 -1.89 1.43 1.2 1.21 0.6
129 3 -1.89 1.15 0.5 1.43 0.7
409 12 1.92 1.41 0.9 1.08 0.4
547 8 0.06 1.35 1.3 1.40 0.9
683 13 2.62 1.29 0.7 1.40 0.7
677 4 -1.44 1.39 1.3 1.39 0.7
62 4 -1.44 1.39 1.3 1.38 0.7
393 2 -2.45 1.35 0.8 1.39 0.7
364 9 0.45 1.38 1.2 1.28 0.7
138 2 -2.45 1.35 0.8 1.38 0.7
360 11 1.35 0.74 -0.5 1.38 0.7
87 2 -2.45 1.17 0.5 1.38 0.7
122 3 -1.89 1.14 0.5 1.37 0.7
20 9 0.45 1.35 1.1 1.36 0.9
566 10 0.87 1.36 1.0 1.26 0.6
165 10 0.87 0.96 0.0 1.36 0.8
560 10 0.87 0.96 0.0 1.36 0.8
243 9 0.45 1.18 0.7 1.35 0.8
158 4 -1.44 1.35 1.2 1.10 0.4
601 9 0.45 1.07 0.3 1.35 0.8
114 3 -1.89 1.35 1.0 1.11 0.5
126 3 -1.89 1.35 1.0 1.11 0.5
197 5 -1.04 1.35 1.4 1.15 0.4
612 9 0.45 1.07 0.3 1.34 0.8
330 9 0.45 1.34 1.1 1.13 0.4
1 2 -2.45 1.10 0.4 1.33 0.7
85 2 -2.45 1.10 0.4 1.33 0.7
179 2 -2.45 1.10 0.4 1.33 0.7
156 3 -1.89 1.07 0.3 1.33 0.6
475 7 -0.30 1.16 0.7 1.33 0.8
389 10 0.87 1.33 0.9 1.32 0.7
204 9 0.45 0.97 0.0 1.32 0.8
292 9 0.45 1.21 0.8 1.32 0.8
167 5 -1.04 1.31 1.2 1.26 0.6
202 9 0.45 1.25 0.8 1.31 0.8
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64 4 -1.44 1.13 0.5 1.31 0.6
180 4 -1.44 1.31 1.1 1.19 0.5
548 3 -1.89 1.31 0.9 1.30 0.6
24 4 -1.44 1.28 1.0 1.31 0.6
643 12 1.92 1.17 0.5 1.31 0.6
268 8 0.06 1.23 0.9 1.31 0.8
480 7 -0.30 1.12 0.6 1.30 0.7
12 2 -2.45 1.30 0.7 1.20 0.6
692 11 1.35 1.30 0.8 1.13 0.4
78 3 -1.89 1.04 0.2 1.29 0.6
405 6 -0.67 1.29 1.3 1.17 0.5
145 2 -2.45 1.01 0.2 1.29 0.7
666 6 -0.67 1.28 1.2 1.13 0.4
46 5 -1.04 1.27 1.1 1.04 0.3
717 9 0.45 1.13 0.5 1.27 0.7
488 12 1.92 1.11 0.4 1.26 0.6
651 11 1.35 1.26 0.7 1.15 0.4
171 3 -1.89 0.97 0.0 1.25 0.6
402 7 -0.30 1.07 0.4 1.25 0.6
265 6 -0.67 1.25 1.1 1.06 0.3
260 7 -0.30 1.05 0.3 1.25 0.6
247 7 -0.30 1.06 0.3 1.25 0.6
305 10 0.87 1.25 0.7 1.11 0.4
115 3 -1.89 1.24 0.8 1.03 0.4
455 9 0.45 1.12 0.5 1.24 0.6
369 7 -0.30 1.24 1.0 1.12 0.4
640 10 0.87 1.24 0.7 1.10 0.4
673 9 0.45 1.11 0.4 1.24 0.6
147 3 -1.89 1.18 0.6 1.23 0.6
316 10 0.87 0.77 -0.5 1.21 0.5
249 4 -1.44 1.21 0.8 0.95 0.3
595 6 -0.67 1.20 0.9 1.07 0.3
699 13 2.62 1.17 0.5 0.66 0.2
 BETTER FITTING OMITTED  
233 14 3.61 1.15 0.4 0.42 -0.1
91 1 -3.30 1.07 0.4 0.70 0.2
686 13 2.62 1.07 0.3 0.63 0.1
681 2 -2.45 1.07 0.3 0.74 0.3
48 3 -1.89 1.05 0.3 0.72 0.1
544 3 -1.89 1.05 0.3 0.72 0.1
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23 4 -1.44 1.03 0.2 0.79 0.1
273 4 -1.44 1.03 0.2 0.79 0.1
682 11 1.35 1.03 0.2 0.77 -0.1
22 5 -1.04 1.02 0.2 0.80 -0.1
564 10 0.87 0.76 -0.6 1.01 0.2
642 10 0.87 0.76 -0.6 1.01 0.2
136 2 -2.45 1.00 0.2 0.70 0.2
146 4 -1.44 1.00 0.1 0.77 0.0
97 4 -1.44 0.99 0.1 0.77 0.0
499 8 0.06 0.99 0.1 0.79 -0.3
443 12 1.92 0.98 0.1 0.63 -0.1
534 12 1.92 0.98 0.1 0.63 -0.1
555 12 1.92 0.98 0.1 0.63 -0.1
140 5 -1.04 0.98 0.0 0.77 -0.1
378 5 -1.04 0.98 0.0 0.77 -0.1
44 2 -2.45 0.98 0.1 0.64 0.2
318 6 -0.67 0.98 0.0 0.80 -0.2
639 8 0.06 0.97 0.0 0.76 -0.4
286 8 0.06 0.97 0.0 0.76 -0.4
463 8 0.06 0.97 0.0 0.76 -0.4
387 12 1.92 0.97 0.1 0.56 -0.3
77 1 -3.30 0.96 0.2 0.46 0.0
113 1 -3.30 0.96 0.2 0.46 0.0
144 1 -3.30 0.96 0.2 0.46 0.0
157 1 -3.30 0.96 0.2 0.46 0.0
653 6 -0.67 0.96 -0.1 0.77 -0.2
298 10 0.87 0.96 0.0 0.74 -0.4
276 10 0.87 0.96 0.0 0.74 -0.4
83 3 -1.89 0.95 0.0 0.74 0.1
528 8 0.06 0.95 -0.1 0.78 -0.3
238 9 0.45 0.95 -0.1 0.75 -0.4
457 9 0.45 0.95 -0.1 0.75 -0.4
254 11 1.35 0.71 -0.6 0.95 0.2
716 11 1.35 0.71 -0.6 0.95 0.2
690 9 0.45 0.95 -0.1 0.75 -0.4
96 4 -1.44 0.94 -0.1 0.73 0.0
213 8 0.06 0.94 -0.1 0.77 -0.4
614 6 -0.67 0.94 -0.2 0.78 -0.2
715 7 -0.30 0.94 -0.2 0.80 -0.3
613 7 -0.30 0.93 -0.2 0.75 -0.4
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484 7 -0.30 0.93 -0.2 0.78 -0.3
207 5 -1.04 0.93 -0.2 0.79 -0.1
569 8 0.06 0.93 -0.2 0.77 -0.4
373 11 1.35 0.93 0.0 0.69 -0.3
476 11 1.35 0.93 0.0 0.69 -0.3
511 11 1.35 0.93 0.0 0.69 -0.3
515 11 1.35 0.93 0.0 0.69 -0.3
704 11 1.35 0.93 0.0 0.69 -0.3
705 7 -0.30 0.93 -0.2 0.75 -0.4
641 6 -0.67 0.92 -0.3 0.76 -0.2
239 4 -1.44 0.91 -0.2 0.70 -0.1
291 4 -1.44 0.91 -0.2 0.70 -0.1
274 9 0.45 0.91 -0.2 0.79 -0.3
479 4 -1.44 0.91 -0.2 0.67 -0.1
353 6 -0.67 0.91 -0.3 0.75 -0.2
392 7 -0.30 0.91 -0.3 0.77 -0.3
441 6 -0.67 0.91 -0.3 0.73 -0.3
385 12 1.92 0.90 0.0 0.51 -0.3
650 8 0.06 0.90 -0.3 0.72 -0.5
657 5 -1.04 0.90 -0.3 0.78 -0.1
408 5 -1.04 0.89 -0.4 0.70 -0.2
703 8 0.06 0.89 -0.3 0.71 -0.5
141 1 -3.30 0.89 0.1 0.38 -0.1
159 1 -3.30 0.89 0.1 0.38 -0.1
432 9 0.45 0.89 -0.3 0.68 -0.6
336 6 -0.67 0.89 -0.4 0.78 -0.2
620 9 0.45 0.88 -0.3 0.68 -0.6
519 6 -0.67 0.88 -0.5 0.72 -0.3
4 8 0.06 0.88 -0.4 0.71 -0.5
633 8 0.06 0.88 -0.4 0.71 -0.5
328 6 -0.67 0.88 -0.5 0.72 -0.3
540 6 -0.67 0.88 -0.5 0.78 -0.2
536 8 0.06 0.88 -0.4 0.69 -0.6
80 3 -1.89 0.88 -0.2 0.69 0.1
285 3 -1.89 0.88 -0.2 0.69 0.1
14 8 0.06 0.87 -0.4 0.72 -0.5
313 6 -0.67 0.87 -0.5 0.70 -0.3
556 9 0.45 0.87 -0.3 0.71 -0.5
472 10 0.87 0.87 -0.2 0.77 -0.3
539 10 0.87 0.87 -0.2 0.77 -0.3
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264 7 -0.30 0.87 -0.5 0.69 -0.5
365 4 -1.44 0.86 -0.4 0.67 -0.1
446 8 0.06 0.86 -0.5 0.72 -0.5
215 7 -0.30 0.86 -0.6 0.77 -0.3
513 7 -0.30 0.86 -0.6 0.71 -0.5
252 12 1.92 0.85 -0.1 0.78 0.0
394 12 1.92 0.85 -0.2 0.77 0.0
654 12 1.92 0.85 -0.2 0.77 0.0
645 9 0.45 0.85 -0.4 0.68 -0.6
221 10 0.87 0.85 -0.3 0.73 -0.4
430 4 -1.44 0.85 -0.4 0.62 -0.2
700 10 0.87 0.85 -0.3 0.73 -0.4
211 9 0.45 0.85 -0.4 0.68 -0.6
429 9 0.45 0.85 -0.4 0.68 -0.6
495 9 0.45 0.85 -0.4 0.68 -0.6
675 9 0.45 0.85 -0.4 0.67 -0.6
404 14 3.61 0.85 0.0 0.23 -0.3
325 12 1.92 0.85 -0.2 0.75 0.0
483 12 1.92 0.85 -0.2 0.75 0.0
647 11 1.35 0.84 -0.2 0.56 -0.6
427 7 -0.30 0.84 -0.6 0.67 -0.5
439 9 0.45 0.84 -0.4 0.67 -0.6
494 7 -0.30 0.84 -0.7 0.72 -0.4
217 6 -0.67 0.84 -0.7 0.70 -0.4
604 7 -0.30 0.83 -0.7 0.71 -0.5
300 13 2.62 0.83 -0.2 0.32 -0.3
440 13 2.62 0.83 -0.2 0.32 -0.3
500 8 0.06 0.83 -0.6 0.77 -0.4
599 8 0.06 0.83 -0.6 0.77 -0.4
546 9 0.45 0.83 -0.5 0.73 -0.5
668 5 -1.04 0.82 -0.7 0.66 -0.3
624 6 -0.67 0.82 -0.8 0.65 -0.5
235 8 0.06 0.82 -0.6 0.65 -0.7
678 3 -1.89 0.82 -0.4 0.65 0.0
691 3 -1.89 0.82 -0.4 0.65 0.0
150 3 -1.89 0.82 -0.4 0.65 0.0
708 5 -1.04 0.82 -0.7 0.64 -0.3
228 8 0.06 0.82 -0.7 0.65 -0.7
31 2 -2.45 0.81 -0.2 0.43 0.0
38 2 -2.45 0.81 -0.2 0.43 0.0
69
Person 
Number
Total Score Ability 
Score 
(logits)
Infit Outfit
MNSQ ZSTD MNSQ ZSTD
58 2 -2.45 0.81 -0.2 0.43 0.0
119 2 -2.45 0.81 -0.2 0.43 0.0
149 2 -2.45 0.81 -0.2 0.43 0.0
187 2 -2.45 0.81 -0.2 0.43 0.0
481 5 -1.04 0.81 -0.7 0.65 -0.3
269 5 -1.04 0.81 -0.7 0.63 -0.3
201 8 0.06 0.81 -0.7 0.64 -0.7
290 8 0.06 0.81 -0.7 0.64 -0.7
338 8 0.06 0.81 -0.7 0.64 -0.7
348 10 0.87 0.81 -0.4 0.64 -0.6
532 8 0.06 0.81 -0.7 0.63 -0.7
375 8 0.06 0.80 -0.7 0.63 -0.7
100 4 -1.44 0.80 -0.6 0.62 -0.2
505 6 -0.67 0.80 -0.8 0.65 -0.5
521 6 -0.67 0.80 -0.8 0.65 -0.5
317 8 0.06 0.80 -0.7 0.63 -0.7
383 10 0.87 0.80 -0.4 0.64 -0.6
399 10 0.87 0.80 -0.4 0.64 -0.6
473 6 -0.67 0.80 -0.9 0.64 -0.5
245 10 0.87 0.80 -0.5 0.63 -0.6
8 8 0.06 0.80 -0.7 0.63 -0.8
314 8 0.06 0.80 -0.7 0.63 -0.8
721 8 0.06 0.80 -0.7 0.63 -0.8
376 10 0.87 0.79 -0.5 0.63 -0.6
669 10 0.87 0.79 -0.5 0.63 -0.6
444 8 0.06 0.79 -0.8 0.63 -0.8
251 9 0.45 0.79 -0.6 0.61 -0.8
477 9 0.45 0.79 -0.6 0.61 -0.8
434 8 0.06 0.79 -0.8 0.64 -0.7
384 7 -0.30 0.79 -0.9 0.62 -0.7
425 7 -0.30 0.79 -0.9 0.62 -0.7
676 9 0.45 0.79 -0.6 0.61 -0.8
219 9 0.45 0.79 -0.6 0.65 -0.7
559 7 -0.30 0.79 -0.9 0.62 -0.7
248 9 0.45 0.79 -0.6 0.65 -0.7
178 1 -3.30 0.78 0.0 0.29 -0.2
517 1 -3.30 0.78 0.0 0.29 -0.2
510 9 0.45 0.78 -0.7 0.60 -0.8
589 9 0.45 0.78 -0.7 0.60 -0.8
659 9 0.45 0.78 -0.7 0.60 -0.8
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577 12 1.92 0.77 -0.3 0.53 -0.3
685 12 1.92 0.77 -0.3 0.53 -0.3
216 8 0.06 0.77 -0.9 0.65 -0.7
403 7 -0.30 0.77 -1.0 0.62 -0.7
471 7 -0.30 0.77 -1.0 0.62 -0.7
10 4 -1.44 0.77 -0.8 0.55 -0.3
223 9 0.45 0.76 -0.7 0.62 -0.8
321 9 0.45 0.76 -0.7 0.61 -0.8
608 9 0.45 0.76 -0.7 0.61 -0.8
224 10 0.87 0.76 -0.6 0.63 -0.6
456 10 0.87 0.76 -0.6 0.63 -0.6
574 10 0.87 0.76 -0.6 0.63 -0.6
606 10 0.87 0.76 -0.6 0.63 -0.6
628 10 0.87 0.76 -0.6 0.63 -0.6
545 5 -1.04 0.75 -1.0 0.59 -0.4
339 6 -0.67 0.75 -1.1 0.60 -0.6
388 6 -0.67 0.75 -1.1 0.60 -0.6
194 6 -0.67 0.75 -1.1 0.59 -0.6
351 6 -0.67 0.74 -1.2 0.59 -0.6
9 6 -0.67 0.74 -1.2 0.59 -0.6
342 6 -0.67 0.74 -1.2 0.59 -0.6
474 13 2.62 0.73 -0.4 0.29 -0.3
535 13 2.62 0.73 -0.4 0.29 -0.3
632 13 2.62 0.73 -0.4 0.29 -0.3
679 13 2.62 0.73 -0.4 0.29 -0.3
724 13 2.62 0.73 -0.4 0.29 -0.3
502 8 0.06 0.73 -1.1 0.57 -0.9
684 8 0.06 0.73 -1.1 0.57 -0.9
688 8 0.06 0.73 -1.1 0.57 -0.9
242 6 -0.67 0.73 -1.2 0.58 -0.6
214 2 -2.45 0.73 -0.4 0.38 -0.1
19 8 0.06 0.73 -1.1 0.58 -0.9
199 8 0.06 0.73 -1.1 0.58 -0.9
307 8 0.06 0.72 -1.1 0.58 -0.9
652 8 0.06 0.72 -1.1 0.58 -0.9
698 9 0.45 0.72 -0.9 0.66 -0.7
304 5 -1.04 0.72 -1.2 0.57 -0.5
722 5 -1.04 0.72 -1.2 0.57 -0.5
588 14 3.61 0.71 -0.2 0.19 -0.4
237 7 -0.30 0.71 -1.3 0.57 -0.8
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312 7 -0.30 0.71 -1.3 0.57 -0.8
371 9 0.45 0.71 -0.9 0.55 -1.0
400 9 0.45 0.71 -0.9 0.55 -1.0
626 9 0.45 0.71 -0.9 0.55 -1.0
277 9 0.45 0.70 -1.0 0.55 -1.0
629 9 0.45 0.70 -1.0 0.55 -1.0
553 8 0.06 0.70 -1.2 0.56 -1.0
395 10 0.87 0.70 -0.8 0.54 -0.8
272 10 0.87 0.70 -0.8 0.54 -0.9
366 10 0.87 0.70 -0.8 0.54 -0.9
635 10 0.87 0.70 -0.8 0.54 -0.9
723 8 0.06 0.70 -1.2 0.56 -1.0
284 10 0.87 0.70 -0.8 0.54 -0.9
323 9 0.45 0.70 -1.0 0.54 -1.0
428 7 -0.30 0.70 -1.4 0.56 -0.9
518 9 0.45 0.70 -1.0 0.54 -1.0
575 9 0.45 0.70 -1.0 0.54 -1.0
289 7 -0.30 0.70 -1.4 0.55 -0.9
361 7 -0.30 0.70 -1.4 0.55 -0.9
523 9 0.45 0.70 -1.0 0.54 -1.0
551 9 0.45 0.70 -1.0 0.54 -1.0
422 8 0.06 0.69 -1.2 0.55 -1.0
240 10 0.87 0.69 -0.8 0.53 -0.9
558 10 0.87 0.69 -0.8 0.53 -0.9
630 10 0.87 0.69 -0.8 0.53 -0.9
396 12 1.92 0.69 -0.5 0.41 -0.5
563 12 1.92 0.69 -0.5 0.41 -0.5
602 12 1.92 0.69 -0.5 0.41 -0.5
104 7 -0.30 0.69 -1.4 0.55 -0.9
230 7 -0.30 0.69 -1.4 0.55 -0.9
537 7 -0.30 0.69 -1.4 0.55 -0.9
693 10 0.87 0.68 -0.8 0.62 -0.6
702 10 0.87 0.68 -0.8 0.62 -0.6
322 6 -0.67 0.68 -1.5 0.55 -0.7
603 6 -0.67 0.68 -1.5 0.55 -0.7
609 6 -0.67 0.68 -1.5 0.55 -0.7
572 3 -1.89 0.68 -0.9 0.44 -0.2
453 11 1.35 0.67 -0.7 0.68 -0.3
621 11 1.35 0.67 -0.7 0.68 -0.3
627 11 1.35 0.67 -0.7 0.68 -0.3
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701 11 1.35 0.67 -0.7 0.68 -0.3
220 6 -0.67 0.67 -1.5 0.54 -0.7
109 5 -1.04 0.67 -1.4 0.54 -0.5
226 10 0.87 0.67 -0.9 0.58 -0.8
592 10 0.87 0.67 -0.9 0.58 -0.8
670 10 0.87 0.67 -0.9 0.58 -0.8
514 5 -1.04 0.67 -1.5 0.53 -0.5
130 2 -2.45 0.66 -0.6 0.34 -0.2
196 2 -2.45 0.66 -0.6 0.34 -0.2
282 5 -1.04 0.66 -1.5 0.51 -0.6
718 6 -0.67 0.65 -1.7 0.52 -0.8
294 4 -1.44 0.65 -1.3 0.48 -0.4
320 8 0.06 0.64 -1.5 0.51 -1.1
417 8 0.06 0.64 -1.5 0.51 -1.1
496 8 0.06 0.64 -1.5 0.51 -1.1
270 8 0.06 0.64 -1.5 0.50 -1.2
372 8 0.06 0.64 -1.5 0.50 -1.2
7 7 -0.30 0.63 -1.8 0.51 -1.0
21 7 -0.30 0.63 -1.8 0.51 -1.0
206 7 -0.30 0.63 -1.8 0.51 -1.0
347 7 -0.30 0.63 -1.8 0.51 -1.0
368 7 -0.30 0.63 -1.8 0.51 -1.0
210 8 0.06 0.63 -1.5 0.50 -1.2
344 8 0.06 0.63 -1.5 0.50 -1.2
262 8 0.06 0.63 -1.6 0.50 -1.2
478 11 1.35 0.63 -0.8 0.53 -0.6
489 11 1.35 0.63 -0.8 0.53 -0.6
661 11 1.35 0.63 -0.8 0.53 -0.6
424 7 -0.30 0.62 -1.8 0.50 -1.0
258 11 1.35 0.62 -0.8 0.53 -0.6
663 11 1.35 0.62 -0.8 0.53 -0.6
406 11 1.35 0.62 -0.8 0.53 -0.6
543 11 1.35 0.62 -0.8 0.53 -0.6
719 11 1.35 0.62 -0.8 0.53 -0.6
354 7 -0.30 0.62 -1.8 0.50 -1.0
638 7 -0.30 0.62 -1.8 0.50 -1.0
225 11 1.35 0.62 -0.9 0.51 -0.7
331 11 1.35 0.62 -0.9 0.51 -0.7
358 11 1.35 0.62 -0.9 0.51 -0.7
386 11 1.35 0.62 -0.9 0.51 -0.7
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465 11 1.35 0.62 -0.9 0.51 -0.7
662 11 1.35 0.62 -0.9 0.51 -0.7
674 11 1.35 0.62 -0.9 0.51 -0.7
696 11 1.35 0.62 -0.9 0.51 -0.7
205 10 0.87 0.61 -1.1 0.48 -1.0
253 10 0.87 0.61 -1.1 0.48 -1.0
450 10 0.87 0.61 -1.1 0.48 -1.0
512 10 0.87 0.61 -1.1 0.48 -1.0
680 10 0.87 0.61 -1.1 0.48 -1.0
299 10 0.87 0.61 -1.1 0.48 -1.0
391 10 0.87 0.61 -1.1 0.48 -1.0
526 10 0.87 0.61 -1.1 0.48 -1.0
562 10 0.87 0.61 -1.1 0.48 -1.0
631 10 0.87 0.61 -1.1 0.48 -1.0
637 10 0.87 0.61 -1.1 0.48 -1.0
656 10 0.87 0.61 -1.1 0.48 -1.0
335 10 0.87 0.61 -1.1 0.48 -1.0
520 10 0.87 0.61 -1.1 0.48 -1.0
549 10 0.87 0.61 -1.1 0.48 -1.0
720 10 0.87 0.61 -1.1 0.48 -1.0
6 10 0.87 0.60 -1.1 0.47 -1.1
198 10 0.87 0.60 -1.1 0.47 -1.1
275 10 0.87 0.60 -1.1 0.47 -1.1
485 10 0.87 0.60 -1.1 0.47 -1.1
501 10 0.87 0.60 -1.1 0.47 -1.1
407 9 0.45 0.60 -1.4 0.47 -1.2
618 9 0.45 0.60 -1.4 0.47 -1.2
709 9 0.45 0.60 -1.4 0.47 -1.3
581 9 0.45 0.60 -1.4 0.47 -1.3
605 9 0.45 0.60 -1.4 0.47 -1.3
293 9 0.45 0.59 -1.4 0.46 -1.3
671 5 -1.04 0.58 -2.0 0.45 -0.7
329 11 1.35 0.53 -1.1 0.38 -1.0
433 11 1.35 0.53 -1.1 0.38 -1.0
571 11 1.35 0.53 -1.1 0.38 -1.0
611 11 1.35 0.53 -1.1 0.38 -1.0
420 10 0.87 0.51 -1.5 0.38 -1.4
579 10 0.87 0.51 -1.5 0.38 -1.4
594 10 0.87 0.51 -1.5 0.38 -1.4
16 13 2.62 0.46 -1.1 0.19 -0.5
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333 13 2.62 0.46 -1.1 0.19 -0.5
413 13 2.62 0.46 -1.1 0.19 -0.5
482 13 2.62 0.46 -1.1 0.19 -0.5
591 13 2.62 0.46 -1.1 0.19 -0.5
598 13 2.62 0.46 -1.1 0.19 -0.5
257 11 1.35 0.44 -1.5 0.30 -1.2
297 11 1.35 0.44 -1.5 0.30 -1.2
303 11 1.35 0.44 -1.5 0.30 -1.2
337 11 1.35 0.44 -1.5 0.30 -1.2
352 11 1.35 0.44 -1.5 0.30 -1.2
356 11 1.35 0.44 -1.5 0.30 -1.2
381 11 1.35 0.44 -1.5 0.30 -1.2
410 11 1.35 0.44 -1.5 0.30 -1.2
423 11 1.35 0.44 -1.5 0.30 -1.2
445 11 1.35 0.44 -1.5 0.30 -1.2
448 11 1.35 0.44 -1.5 0.30 -1.2
490 11 1.35 0.44 -1.5 0.30 -1.2
596 11 1.35 0.44 -1.5 0.30 -1.2
664 11 1.35 0.44 -1.5 0.30 -1.2
714 11 1.35 0.44 -1.5 0.30 -1.2
234 12 1.92 0.34 -1.7 0.20 -1.0
319 12 1.92 0.34 -1.7 0.20 -1.0
362 12 1.92 0.34 -1.7 0.20 -1.0
377 12 1.92 0.34 -1.7 0.20 -1.0
458 12 1.92 0.34 -1.7 0.20 -1.0
459 12 1.92 0.34 -1.7 0.20 -1.0
461 12 1.92 0.34 -1.7 0.20 -1.0
487 12 1.92 0.34 -1.7 0.20 -1.0
584 12 1.92 0.34 -1.7 0.20 -1.0
623 12 1.92 0.34 -1.7 0.20 -1.0
687 12 1.92 0.34 -1.7 0.20 -1.0
712 12 1.92 0.34 -1.7 0.20 -1.0
Mean 7.2 -0.25 0.98 0.0 1.28 0.2
SD 3.5 1.64 0.31 0.9 1.55 1.0
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